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This technical gjaide is part' of a packet of tools : . 
ed to assist stat^ or local government practitionerrs in 
zing and managing an* energy conservation program. It gi'ves / 
ation Qji adapting energy conservation methods to existing 

buildings and on designing new public bijildings with* energy 
yation in mind. It alsp discusses pAiblic vehicle fleet ' ^ 

ment related to energy conservation. Energy conservation* in the 
e seqtor is covered with material on residential and commercial 
ngs,. public transportation, and eilectric utilities. Alternate 
sources, such as pyrolysis and methane production from solid' 
are presented, in addition 'to some^ case studies in energy 
vation. Finally, a management report, /written for department, 
and mid- level managers, lays out basic steps in. administering 
rgy conservation program. (Author/PB) 
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Public Technology- Inc., is a non-profit, tax-exismpt public interest or- 
ganization estaiflished in December 1971 as an Institutional mechanism 
. for rfflipf'plying available tecihnologies to the problems of state and local 
governments. Sources of sOcK' technologies include federal agencies; pri- 
. vate industries^ universities; ancf. state and local jurisdictions themselves. 
PTI works in both tKe.hardware sind software fields. 

PTI works on specific prdhlems that have been defined and given a 
/high 'priority by state and local gpvernment officials. A problem also 
/ must be commow to many units of government throughout the nation 
Jl^ and one that is susceptible to technblogical solution. In this way^two 
major organizational goals are realized: (l )*Cd5ts and benefits of large- 
scale undertakings are shared, and (2) private investme?it in the solution 
of public sector problems^is enctjuraged by the aggregation of specific 
markets at the state and local teyels of government. 'C ~^ 

Thf technology application process consists'of these steps: problem . 
definition, loca^on of applicable technology, appropriate packaging oif 
the technology for stat«. and local governments, and. help in adapting and 
implementing the te:chnolpgy at the/oi3erati,ng level. Emphasis is placed 
orr .transfer 1^9^^ subsequent utilize of the techn^lbgy by the largest 
possible rllj)li,&eF of jurisdictions. On-sjte a§sjstance is" provided,, upon 
request, to rnake certain that state and local juri^lctionsfully utilize the 
. technology. * v " . . / ^- \ " 

. ' PTI' was' orgaijized and is governed by the executive officers of the 
Council of Srate (Governments, International City Management Associa- 
tion, National Association qf Counties, National Goy 
National L^^ue of Cities^ Xnd U.S. CoTiference of Mayors. Its work is 
supporttd financially by ijie Ford Foundation, by the annual subscrip- 
tion fees of pVticipating jurisdictions^ and by federal agency grants and 
contracts.' 



The National Science ^ Foundation's .(NSF). Research Applications 
Directorate works to ^courage the systematic.alpplicatHon' of science and 
techriplpgy to State and local government prol^Tems. Working' Wifhin the 
Research Applications" Program, the Office-of IntergovernmentaL Sc(Qrice 
and Research Utilization seeks ivays of focusing on practical solutions to 
selected problems of national iptportance. *ISRU 'works directly with 
agencies Of State and local jgovernments th' experimental, efforts to 
determine . and test how best' to bring RAN N anqf other scientific 'and 
technolQgical advice to bear on legislative, management and operating^ . 
decisions. This, handbook is one significant element in working toward 
thris goaK ISRU was'^j^rovided with tec/hnical support in' this instance by, 
the Office of Systems Integration and Analysfs/ another com^onent^ 
under NSF's Research Applications Directorate,' which admihistGrs both 
the lSRU.and.RANN progrargs/ . • / * . :. \ ^ 

: Ti^e Research Applied to' National Needs ^RANN) program is T 
administered by tfie Foun.dation'^-^Research Applications Director^itei 
RANN- supports, research in energy, ^nvironinent, ^productivity and 
resources. R ANN'S ene^rgy research activities arc focused in four areSs: 

1. Enecgy systems' research, includiVfg project/ons of fjuture'' energy * 
A., supply and. demand, y/ay$ of cons^rvipg energy resources, and 
assessments - of th^e environmental impacts of alterhate. energy ' , 
sources, ' , * . ' ^ 

2: Energy resource research;\which. addresses probrem^/relatisd tp'the 
utilization qf geothermal energy, coal gasification technologies, and 
waste heat re^coveryf * . " - 

3. Energy copversron -studies, -which focus on improving the Overall 
> efficiency of Ipowgr generation, .testing of* nevy technologies for 

energy storage, and development of/advanc^ed soiap energy * 
technologies. " • V : ^ ■. - ' / 

4. Enelgy and fuel transmission research, jncludihg low-temperature 
arid tii;gh-voltage direct current ^ansmissions and power-network 
monitoring and control. ' ♦ . 

■ ."■ ■ ■ V' ••"^ ■ ' ' ■ ■ ' . . . .■ , 

NSF, through the RAN N program.; is deeply* committed to developing \ 
new energy conservation techniques and^'analytical tools for assessing " 
energy polities and options at the federal; state, and local lev^ls.^ 
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ENERGY CONSERVATION 

A MAIjAGEMENT REPORT 
FOR STATE ANb LOCAL 
GOVERNMENTS 

.^EnerL costs are the biggest rising' costs in every public budget. Short of 
consQTvatibn, the ohiy alternative for state and local governm^ents has. 

• been to pass on these increases to'the taxpayers-either as increased taxes 
or decreased services. Both politics and common sense dictate that con- 
servation is the best approach, both within government operations them- 
selves;^and' throughout the private sector. This Management Report pro- 
vides auidelines to assist state.and lodal government officials in effec- 
tively rrianaging an energy conservation program. ^ ' y 

The energy problem-stems* from' the fact that: the United StateV 
depends almost completely, op. three nonrenewable fossil fuels^oil, 
natural ^gas, and coal. Prices of these fupis have shot dramatically upward 
as a. result of the oil embargo and continuing shortages, 

Iri Washington, D.C., gasoline which co5t a typical public agency 
. about \74 per gallon in 1972 now costs about 3lV per gallon or more. 
Heating oil. which cost about 17^ per gallon in that same year now costs - 
abput 34^ per gallon. These increases average but at about 85 or 90 
percent . for hf&st public jurisdictions. Electric' povjer rates have climbed 

• proportionately in those areas Vhe/^ fuel oif is used to generate electric-' 
ity. Tomorrow, we. will very lik^lf face rncreased prices for all types- of 
energy, . • ' ■ ■ ' . . ' ' ■ . 

The obvious. need now/is to implement and enforce belt-tightening 
measures on ener|y useOhat will help save both energy and money. From 
a . cost-benefit point 'j>f ^iew, ''benefits** are khieved as energy. is con- 
served. Consider ^ese examples of possible benefits to be' achieved. 
thr9ugh conserv^ion, as documented by the Energy ConseryationTech- 
nical duide that accom^nies this Management Report: ; 

The healing, ventilating, cooling, and lighting costs for a typical pub- 
lic building generally range from. $-r to $2 per square fdot per year,'or 
more than $.100,000, for a 100,00p-square-foot-6uilding. State, county., 
ancj aity.gpv^rnnrTents own and operate. several hundred thousand build- 
.ings including legislative, executive, and admmistrative offices, schools, 

• fire statiorts, poMce'^tationjv libraries, hospitals, garages, auditoriums, and 
public housing.* A reaspnable target for an^nergy. eonservatron [Program 

.might- be a 25 percent savings, in existing public buildings. That is 
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'$25,000 g(fr»year a lOOjOOO-squ^re-fdot buildihg,. Future public build- 
ing^j designed for energy conservation, might save 50 percer^t. 

Stat% and locah governments*bperate abbut 440,000^ automG^bikSj 
194,000 buses, and 842,000 trucks, trailers, and miscellaneous roHin 
stock, TPfese. public vehicles consume something like J. 5 bfllipn gallon 
.of gasoMne and di^^^fuel per year. A public vehicle fleet v^ith 1,000- 
automobiles, each vehicle being driven about 20,000 miles per year and 
each getting about 10 miles per gajloVi at 31^ per^gallon, consumes over , 
$600,(j00 in gajoline each year.\A reasonable target for an energy 
conservation program might be a 20- percent savings or as much as $12Q 
pef^vehicle per year— or $125,000 anrjijally for the 1,00.0-dar motor fleet. 

In addition to the.se savings m internal .government' operations, 
^overnm^t inducements ,to lqca| -builders to use high^rfoiHTiarice 
' equipment in new . construction could save an individual ho 
hundreds of dollars per year in fuel Costs. Information proi^ed by 
governments to homeov^ners ori .such matf^prs as proper insujation and 



best-performing heating and^cooling tech^niques^an also brin^ 
. • savings 



iant 



Obviously, you must determine which energy-conseoving measures" • 
are most important to your jurisdiction and on which/ to focus ybur 
efforfs. Basically., you have three Options fgf reducing ^onsjjmption-.Qf 
the major fossil fue,k:, . ^ • 

. Consume less biy reducing . the use of . energy-demanding equip- 
ment br practices. ' ' 
.Consume less by increasing the efficiency of en*rgy-demanding; 

equipment. . > . ' 7 ^""^^-^^s^/ 

• ponsume less critical fuels by switching ta alternative en^er^y 
sources^uch as hydroelectric, geothermal', sol^rj etc. - , 

-Jurisdictions .that have nat'lnstituted a formal eQer.gy Conservation 
program are well-advised to begin, one, in the light of expert predictions 
of even* more severe future shortages. Those governments that already 
have* a . program should* review <its components and expand Or after its 
scope'and emphasis, as appropriate: This Management Report is written 
foj* the pubrrc official who must determine how to ^o about getting a 
comprehensive energy conservation program jtarted. The repprL.discusses 
how to planj ^organize, implement^ and evaluate energy ^'conservation 
programs. A[sp, it overviews the guidance provided by the Technical 
.Guide. . 



Planmng Conservation Programs An energy conservation program should begin with afibrief look at the 
' ' '. current situation faced by your jurisdiction.'^ur questions are suggested 

\ ■ . . below. The answers'to these questions should help'you to assess yeur 
• . ■ ^ " present program. ; ' ^ . , « / 



Does your , jurisdiction maintain records on^ fuel c(^sumption 
that, provide, the.'basic information yoij require to mana'ge fuel 
'supplies?^ ' . ; - 

Does your jurisdiction njaintain a fgel allocation plan for each- 
department, agency, or service, as appropriate? Does your fueL 
allocation pl^ provide for a phased response to fuel shortages? 
Does it establish rvela'tive priorities? . ' 

Does ,ybur jurisdiction have a way to audit energy consumption 
in pubtic buildings or vehicles? How =do you know .whether your 
consumptiorLpatterns are gbodjgr bad? * * * ' ^ 
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Does, your iurisdictioh' have jameoneiV^ho is clearly responsibly^ 
tbr energy ^cDnservation? ' Does/thls person have a detailed 
■program plan against>'hich you can measure •results? 

A comprehensive • energy conservati-'on * program could have' tv^o' 
thrusts— one directed inv^ard tov^ard governmental operations, and the 
otRpr directed :out\varcl' t<)v^ar,d the- private sector and, the community. 
The program itsel'f could ^be, divided into five action <ireas~existing public 
buildings, future public buildings, public vehicle fleet management, the 
private. sector, and public pbv^er utilities.. ' . 

As noted at the outset, public, buildings are a prime target for an 
energy . conservation program^ since state and local governments own and 
operate v^ell oyer 1.00,000 buildings. Yhese buildings* require energyjor 
heating, ^ventilating,' cooling, i^nd lighting-all areas in which energy, 
savings are possible. A tjuilding energy conservation program might best 
begin by auditing energy use in existing buildings. Con^ruction of future 
public buildiags can benefitVfrom ongoing research,,] paatcularly that 
related to use of solar energy. - * • 

Next to the operation and maintenance of public buildings,-, the 
-biggest potential for energy conservation in state arid local government 
activjties lies in vehicle fleetVmanagement. Jliis is an appropriate activity 
for emphasis because it was puB'lic fleet operations that were most 
affetted by the recent fuel sTiortages. Critical matters to^ investigate 
include vehicle operations, vehicle "•'maintenance, equiprhent modifica- 
*tions, and vehicle replacement. ' ' ^ - 

Efforts of state and local governments to control private-sector use* 
of energy should consider actions to; affect energy use in residential arid 
commercial buildings,. transportati9n services' and industry.^Tbe funda-. 
mental goverr^mept Kole in promoting energy conservation should be to 
InTluence certain individual choices- whjch aVfect energy demand. 
>ADluntary actions are designed to. ffTfornn or epiist cooperation. T.wo 
exampfes^are programs to make consumers aware of the energy us^d by 
var'rous appliances, or to prornote home improvements that cut down on 
.^nergy consumption; Regulatory *act1ons'-.cpmper"compliance to on 
goyernTnental responsibility fpr public health, safety, and^tfonvenience-. 
^.Examples ar^ biiilding code provisions mandating minimum home 
insulation standards or ordinances requiring builders to file energy 
impact staterrients.fo^ new developments. 

.. A conservation program directeJ toward the residentjaUand cbmmer- 
ciakbuilding. sector' should fopus- on thre^ or 'four prioritV- areas— space - 
heating, water heating, air conditioning, and refrigeration. State and loca^ 
governments have three options to pursue regarding transportation 
services— reduce the demand fq^ transportation, increase the energy 
efficiency of existing and future equipment, and increase the. number of 
people in each vehitje.' Industrial enfergy usie-can be influenced throogh 
such government actions as information dissemination and long-range 
planning for combinedrpOwer'Steam generating systems.; /L \ 

State and local governments should include electrfc utilities ^ their 

.community energy conservation program. State governments reVjIate 
utility rate structures, thereby Influencing both energy supply and 
demand. County, and city geYernments occasionally find themselves 
argOmfe; before a state utilities/commission as eitflfer an advocate for or 
opponent to proposed chang-es in utility ra^te structures. This provides an 
opportunity'to promote a utility rate structure that rewards conservation 

-of energy. State and locaUgovernments influence electric consumption 
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' . * ' patterns with various policies that relate to tax incentives, tax disihcen- . 

^ - . tives,>^building. codes, 'pronriotionar activities, and consurner educaU 

. ■ Count^A arid city governments are responsible ^or street lighting. In 

■ .' "■^ . addition, a^out 2,000 jucisdictions operate their own electric utilities. A ' 

conservatl'on progrann might address electric po^er consunrierjjdeniand^ 
. ^ utility regulation, joint -pur.chasmg -and distributiof'i, pla 
. / street lighting, consefyation measures, -and research and development. 

. ; For each of these program areas, whf'ch are covered in detail in the 

- Technical Guide^ short-terrh, intermediate, and long-term objectives can 
' „ / * ^be established. Short-term energy conservation measures might be those' 

^ implementable within 60 days, or in an even shorter time in the ev^nt of . 

a curtailment in fuel deliveries. Intermediate ojpjectives might be 
% achievable in from 60 days to a"* year, and long-term objectives might be 

' tho^e takvhg up to three years or more for'implementation. Regardless of 

the measures undertaken by different jurisdicjjtons, the? purposes of a 
. . formal energy conservation program are the sjame— to economize 'in 
- . / ' government operations, to maintain essftntidl services, and to minimize 

• hardships to citizens. * 

. ■ ■ ■ , ■ ■ ' » . * * . ' 

Organizing Local Resources .An energy conservation program* affects virtually, every department, 

• '\ , agency, or service in state or joca'l governm'ent. Major. fuel-qpnsuming 
^ : \ v \ departments^ such as. p9lice, fire, public wprks;, inspections, arid public 

^- V transportation will be affected most directly by fuel supplies and costs. 

. . . . Purchasing,, budget, public relations, planning, and the city attorney will 

- .aisp be affected in their various capacities, Sing^so many activities are 

• ' ■ ^ ^ ^ involved, it is best to organize theNpnergy conservation program as a staff- y 

^ ' activity responsible to the executive.; Also, governments should explore ^ 

regional or areawide approaches to energy conservation. Councils of 
' . \ gove.r^ment' have J^een particularly successful in assessing the severity of V 

s . ' , fuel /Shortages in metropolitan areas and in coordinating the efforts of 

. ■■ * •'•^ ' local officials to obtain higher allotments. ' . . 

There^are several ways to go about organizing an energy conservation. ■ 
program. Pt'obabfy the most common approach is 'for the executive to 
appoint. an -assistant to act as'ertergy coordinator. The coordinator is 

• ' responsible to the executive- for kssuring that department heads are 
y ^ acquainted with conservation measures thaf ap^pl-y to their operations . 

,^ / and that they are actively inniprementing thes.e measures. He may also . . 

. • ' . serve as the liaison with citizen groups planning energy conservation ' 

^ programs. Another common strategy is for the executive; to appoint a. 

taskv fo^ce.consisting of.representatives of each department. The task 
. force meets periodically to develop and review measures for c^serving : 
■ . ' energ^n each department. Interdepartmental policy recommendations 

are then presented to the.executive for a final decision. 
^ . ' . .* .. Some jurisdictions have est'ablished energy advisory committees. ; 

\ comprised of such persons as county, city, and school officials anpl the . 

' / presidents of Chancers of Commerce, Parent-Teacher Assoc iation's^ 

■ . consumer groups, ^public utilities commissions, and citizens associations. 
. ' Such committees have been useful to governing bodies--m providing 

. .^advice, and perspective dn energy-related problems. The use of local 
^ . " . ' industry representatives'to provide technical expertise in the identifica- 

i ' tion 'fcf energy conservation opportunities and the development of- 

conservation technology should 'not be overlooked. The important, point \ 
' • is to involve *as many counties; cities, school districts, special, districts, 

^ and quasigovernmental agencies as required. * . 
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Then^ajor organ'izationai^tipns appear • . " , ' ; 

• Assign energy responsibility to each department* head and • ; - . * . ^ 
coordinate cojiservation activities through the executive's offi?:e. : ^ ' • • " . • ' 

• • Creates temporary or permanent staff agency to coordinate all > 

energy conservation activities. - ' ' v . ' " 

• Establish an ad hoc task force comprised of selected Jine and * - . ' . . * ^ 
staff persons. • » . , 

.'. • Designate a staff assistant to act as energy coor-dinator with all 
the department heads and bureau chiefs. 

• Assign responsibility tc^an existing department or bureau such as 
budget, purchasing^ or general services.' ^ ' . ' 

• . ■ A comprehensive energy conservation progr^m requires knowledge or 
^experience, in several areas such as public administration^architecture, ' 
planning, mechanical erjgineering, electrical -engineering, • automotive 
engineering, purchasing^ pC^ic relations, and" law. Obviously, the person 
who is selected to be respoj^ible for your 'jurisdiction's energy program, 
should be ^ble to bring an interdisciplinary perspective to the problem: ■ , 
.Someone with a public administration and en^neering background 

would be ideal. Access to people" wUh specialized e.xpertise " in the ' 
disciplines listed abt)ve would t)e most helpful. An energy coordinator- 
might be responsible for the functions listed below. 

• Monitor fuel supplies in the jurisdiction or me^opolitan . area; 

• Monitor the jurisdiction's fuel purchases and supplier agreements, 
•^x* Monitor fuel -allocation, and consumption for each department/ 

agency, service building, or vehicle. : * ; 
Stay informed about what is going- on' in .the area of energy ' ' ' - 
r = conservation. ' . ' ' ' . .. - • 

• Evaluate^ energy . conservation research and 'development^ and - 

. practicarmeaiiires. . . - • . ' < 

• Entourage' adoption of cost-beneficia! energy conservation tech- ./ - . ■ 
niqi^es.'- , ' ■ . / . ' /' ''.i 

• Commljnicate energy ^Conservation ^information to the public and '"^ ' . 

themedia. - " , * 

" • ^ Report energy cons^ryatidn program r^CK^ts to the executive. - 

Once the organizational mechanisni has been set up, the jurisdiction cdn Implementing Conservation Measures 
begin. to implement' its energy conservation program. It is usefut to bear • - • ' \ 

. in )ninid ^ that energy .conservation can be an expensive- program.: • 
Nevertheless,, the expenditure of as much as two dollars.to conse v " 

dollar in energy - may be justified in the long run. The PTi Energy. . 
Conservation Technical Guide offers a .number of practical measures^or . « : ' 

reducirig energy consumption jn existing public buildings, future p - ' : . . ." 

buildings, public and private transportation, residential and commercial . . 
buildings, ^and public power generation-.. The Guide presents the basic . ' ' \ ■ ' 

information needed to eet a. program started and provides explicit > v. •. " 

directions ' .for finding/more detailed information jn any partkula^ / . * . ' ' .. 
probkm area. In addjjUon, the Guide includes an annotated ' . • 

•describing basic reference materials. for the" Energy coordinator or task' v-f^^ , . ■ - ' . : 

force. The/ecpmmended implemlentatibn process is outlined below..' ' - 

1 . Establish a formal .energy conservation program*. Assign someone the 
. responsibility for staying informed about ef>ergy conservation trends, * ^ ' - . ■■; ^ 

developments, and experiences. Tap' existing information sources '- ' ^ '\ 

listed in the Technical Guide. ' I ; - ' I X ' ' ' ' ' ' . • . ' ' . 
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2. Coll At /data ^ on energy. consumptTbn by department, agency, or 
. .service. Conduct an energy audit on public buildings and vehicles to 

establish basdine 'consumption patterns'* ^ColJect data ,on energy 
• ^cohsumption*r&gularly 1n order to determinis the, savings' that'^ result 
from yaj^i^us conservation measures'. ' 

3. Establish a fuel allocation plan in case future shortages ' force a 
cutback in services and operations: Plan a phased re'sponse to various 
fuel "crisi#" levels. Create priorities, as appropriate. Prepare estimates. 

^ for fuel consumption by. department, agency, or service at;30-day^ 
6-moRth, arui 12-month intervals. ^ . \ 

4. , Determine your critical energy-related prqBt^ms, establish specifieV 
objective^, and translate them into measurable v^ork assignments.; 
ThQ Guide should help yOu to focus on the re^llyiviraportarit 
p^bkms. It should help*you to determine^v^hat alternative conserya-J 
tlon measures to consider. Also, the Guide s^hould help you to locate , 

/ ^^^urces for additional information.' 

5. Dg^term'ine v^hether each'' specific ' energy conservation measure* is 
appropriate for yo\y jurisdiction and cost-effective. Cpmmbn sense, 
should .be used to determine the relative merits for some measures." 

. / .Others could, require a ttiore detailed anajysis to include such factors 
" building or .vehicle cond.ition, climate, labor'costs, equiprnent 

co^ts^ (j^perating lifetimes, ahd fuel .savings, Each^ jurisdiction is. 
. advised to consult a professional eTigiheer, arcj3iitect,, or lawyer as 

a^^propriate. , . 

Commit the ma'npovTer, . dollar^ and time, resources required- to 
implement the selected nneasures. Encourage feedback.. At regular 
intervals; go bark to assess the *fe^fectiveness of the measures 
, implemented. 51^are your experiences v^ith other jurisdictions. ' . 
7. Alert the public to the measures being taken and the rational^ for 
_them, and disseminate information on v^ays in v^hich priyate citizens 
can.cOnserye energy. Th'e jurisdiction's public information office \\ili 
piray a crucial^ole in this process. "The cooperation of the media and 

^ citizens Ig'rOups should also ye enlisted in this effort. " » 

' • ." . * * ■ . .* ' ■ ' . 

In order to manage the energy conservation program, a jurisdiction -rflust 
be able to determine the. effectiveness Qf each energy conservation 
measure: This requires that a means be developed for measuring energy 
consumption iw major^activities'before and after conservation measures 
are implenriented. This is also necessary in order Iq determine hov^ much 
energy, can , be saved through^ alternative- actions. ' The measurem^en^ 
procedure u^ed to do this is called an er>Brg^ audit! • * , 

•In generaf, aR,;pnergy audit qntails-developfrig aa accotihtin^ system 
for energy xpnsumplipn -by end use.' Dal^.,oft. fuel types, costs, and. 
availability ^.re also obt^ine'd> -Fuel cof^unr^tion s^hould be. measured m 
some comm'on unit.such as British Thermal Unifj*(6TUs), Jhe prin^ 
behind*"efi&rgy ^audits .makes them quUe flexible to 'use. They- can be used 
, to compare the energy effidlerlcy of. (|r.fferent buildings oriio determine^ 
the ^effective eneVfy savings V]ich- would result from ^ladoption of a 
particular energy conservation measwe. The procedure used,.^hich is; 
detailed, in the Technical Guid,e,\^s ijjlaptabl^ type.of bliilding and. 

is thus of particular value to xj.nits of government. ^ * - - - ' 

•An energy audit of a public*'serviee using', motor yehicles, such as 
sanitatfoh, would entaiJ collecting fuel consumption data for. e2fch' vehicle 
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and miletge traveled over a sp 
. ^ eonsidered for use irt^ perfbVming the' saitie service; ha\^ing»the gas . " 

. 'mileage- oL;!eac enables a . simple comparison. However,% the two 
vehicles dYff^^. sigri^^^^^ in some othef^ characteristic, such as the . * 

■ ' capacity of refuse coll£ctioh vehicles, then a common basis fbHI 
. . comparison rnust be established. Such a measure of service units.cp 
• tons collected per gallon, in the caser of refuse collection, assuming the . * - 

• same route for all vehicles. Maintaining records of gas mileage for each - 
vehicle permits an assessment of the effectiveness of such^ meas^ ' . . " . 

- revised maintenance schedules or use of radial, ply tires. " . 

. " ■ . ' ; ^ , . '• ." ■ > •■ ... , ^ . 

The PTl Energy Conservation Package v^as prepared under the sportsbr*. Sp<jnsoring .Organizations \ 
• • ship of thg Office of Intergovernmental Scien'ce.and Reseated • . / ' 

. and' the Office 6f Systems Integration and Analysis ofjv the National. . 
Science Foundation (NSF).: The package niakes 'use .of iVesearch c^^p- 
ducted for the NSF Research' Applied to National Needs pr|gram/^^^^^^ 

Public Technology, Inc., is a non-profit public service ol'ganizatton;. 
which works to* define state and /local .government problems, locate ' 
promising technologies, and provide assistance in inTplemeritatiori ayhe 
•operational, level. PTl is sponsored by the six , national publjc .interest 
/\ groups representing<state and local gbvernments-the Couhcil of State 
. ; Governments, International City Management Association, Nation^ 
Association, of Counties, National ' Governors' Confereace, Nationaj^ 
League of cities, and U.S. Conference of Mayors> , " V 'y ^ 

State or local goyernmerrt officials requiring additional-information - 
on the subject of energy conservation may write to: > ^ 

' ^'Technology Exehange Program . . 

• * Public Technology, Inc. 

^ 1140 Connecticut Avenue, N.W. 
Washington, D.C. 20036' 
■ . (202)223-8240 • • , . 
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Public TechnplOgyr l.nc:, is non-profit, tax-exempt public interest 
organization establislied in December 1971 as an institutional mechanism 
for applying available technologies to the problems of state and local 
governments." Sources of such technologies include federal .agencie^,^ 
private industries/ universities, and state and Iftcal jurisdictions thcm- 
^elve's.^PTI works.in both the hardv^arc and softv^are fields. H . 

PTI v^orks on specific problems that have been defined and given a 
high priority by state and local governmenfofficials. A problem also 
must be common to many units of government throughout the nataoh. 
andione that is susceptible to technological solution. In this way two 
major organizational goalS; are realized": (1 ) Costs and benefits of 
large-scale undertakings are shared, and (2) private investment in the 
solution of public scctpr problems is encouraged by the aggyegation .of 
specific markets at the state aTid local levels of government. ' . . 

The technology -application process consists of these steps; problem 
definition, location of applicable technology, appropriate packaging of 
the technology for state-and local governments* and help in adapting ?nd 
implementing the technology at the operating Icycl. Ejmphasis* is placed 
on transfer and subsequent, utilization of the t^ichnology by the largest 
possible number of jurisdictions. On-site(. assistance is pr'ovided, upon 
request, to make certain that.state and loc^l jurisdictions fully utilize the 
technology. , • 

PTI was organised awl is governed by the executive officers of the, 
Council, of. State* Governments, International City Management Assoc ia-'. 
tion, National Association of Counties, National Governors' Conference,^ 
National League of Cities, and U.S. Conference t)f Mayors. Its w.ork is 
-supported financially by the Ford foundation, by the annual subscrip- 
tion fees of participating jurisdictions, and by federal agency grants and " 
contracts. % ' ., • 



The NationalCSdjenCe . Foundation's (NSF) Research Applications 
Directorate \yorks to encourage the systematic application of s'cience and 
technology to State and. local government problems. Working within the 
Research Applications Program, the Office of Intergovernmental Science 
and Research Utilization seeks ways of focusing on practical solutions to 
selected problems of national importance. ISRU works directly with, 
agencies of* State, and local governments in experimental efforts to 
.determine and te$t how best to bring RANN, and -other scientific, an'd 
technological advice to beair on .legislative', management and operatihg 
decisions. This hawdbook. is one significant element in working toward 
this goal. IS^RU>Wiis proyided with technical support. in this instance by-., 
the Office of^Systems Integration and Analysis, another component ' 
under. NSF^s Research Applications Directorate, which administers both 
.the ISRiy and RANN programs. - 

The Research Applied to National Needs (RANN) ptogram is 
administered by the Foundation's Research Applications Directorate. 
RANN supports research in energy, environment, productivity and: 
resources. RANN's energy research aetivities are focused in four aeeas: 

1. Enei-gy systems rejsearch, including projections of future energy, 
supply and- demand, ways of conserving energy resources, and 
assess me n.ts of the environmental, impacts of. alternate energy 
sources. • . - 

^2/ Energy resource, research, which addresses. problems related toMh'e 
Utilization of geothermal energy, coal gasification technologies, and * 
Waste heat recovery, . ^ ' 

3- Energy conversion^studies, which focus on innprpving t)ie overall 
efficiency of |)Ower generation, testing of new technologies for 
energy storage, and development of advanced solar energy 
techriologi.es. • 

4^ • Epergy and fuel transmission research,. including low-temperature 
. . and 'high-voltage direct current transmissions and power network 
* monitpring and control. • , 

NSF, through the RANN program, is' deeply committed to developing 
flew. jenergy conservation techniques and Analytical tools' for' assessing 
^energy policies and options at the federal, state, and local levels. 
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PREFACE . 

Purrng the winter of .1973;74, state and local government afficials were 
, confronted with an energy '^crisis" as fuel supplies declined drastically;, 
fuel costs rose sharply, and some services had to .be curtailed . ©r . 
suspended.;At present, it . is mainly higher prices that remain as reminders 
of this crrsis. However, since the basic causes have not disappeared and 
continual forecasts are offered of .future, energy problems,"^ PubJic 
Technology, Inc. (PTI), and the National Science Foundation (NSF) 
have joined to develop this Guide on energy conservation for thje state or 
local government practitioner. . 

NSF, which conducts a bro^d-based energy research effort through 
its Research Applied to National Needs (RAN N) program', provided' 
financial support to PTI to prepare the Guide^nder PTI 's Technology 
Information Exchange (TIE) program. Sponsored' by. the :'NSF. Office of 
lntergovernmen.tal,:fcf^ and Research Utilization, TIE engages in fouf 
basic activities that serve to describe the methodology for preparing and 
implementing the Guide: ^- r. 

• Problem Description. Jht Exchange prbgram actively encour<ages 
. ;;: the. participation of city, county, and state government represen- 

tatives in the description of high-priority common problems. 
. • fnfSrmation Collection. The Exchange program works systemati- 
cally to acquire information about innovative * technologies 
applicable to the problems defined by state and locar practi- 
tioners. ' * r . 

• Communications Product Assembly. The ;/Exchahg^ program 
: ^ : synthesizes new ideas, concepts, methods, and" procedures info 

]■ ^ tJS,er-oriented communications tools. ?5 
: • Information Dissemination and Technical Assistance,. The- E\- 
r change program actively stimulates awareness, interest, evalua-^ 
tion^ and adoption of these innovative technologies. 
The Technology Informati^. Exc/iange program does not engage \n. 
research ahd develop^ment, but rather works to pull together available, 
information about existing technologies and to.pl^ce this information in 
the hands of the state pr local practitioner in an easy-to-use form. Thus, 
this Guide does not purport to present new research; it is a synthesis of 
existing tecRnologles, , a guidp to what is now known about energy 
conse'rvatior^.." *' , On ' 



following the TIE methodofogy, the Gufde draws upon the'energy 

• research sponsored -^by the National Science Foundation, other federal 
agencies,- private enterprise, and state .and local goverrt^nents,. The 

* primary focus is on practical measures for energy conservation in public 
institutions and^thfe-cornmunity. Energy conservation problems faced by 
state and local gavernmentp>actitioners and addressed by thQ National 

'• Science Foundation research programs include heating, ventilating,, ajir 
.conditKDnyigj^igKting equipment .and practices, therrnali -insulation . 
standards^ solar e,nergy^systems,*buUding design and construction, motor 
rvehicle gasoline consumption, electricity demand and supply, arid waste 

^ heat utilization. Practical ener^'conservation measures dealing with, 
these matters are divided into rnajpr. chapters oji new .and existingpublic 
buildings,.' public vehicle fleet management, energy conservation in the 
private sector, electric utilities, alternative energy ^ sources, and ca^se 
studies in energy conservation, • * • 

jf^ This Technical Guide is part oT a package of tools designed to assist- 

*^the state.br Iqcal government practitioner in organizing and rrtana^ing an\ 
energy -CQpservation /program. The Management \ Report, written for 

' department heads and raid-level; managers, lays out basic, steps in 
' aclministerjng an energy conservation program; Training- seminars con- 
ducted by staff personnel are also available to facilitate irriplementation. 
In addition, Pjj^blic Technology, Inc., prov^es QhTsUe tech riical assistance 
to subscribers' upon request. State arid Ipcal goyernmerit officials may 
address inquiries concerning any 0f the above to; .; . V 



'Technology Exchange Program- 
Public Technology, Inc, 
1140 Connecticut Avenue, N.W, 
Washington, d:C. 20036 

.(2Q2j'223-a240 
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INTROPUGTION 

Energy conservation is important to itate and loca,! government officials 
for several reasons, the. basic energy problem has not disappeared-there 
are likely- to be additional ^pply shortages and further increases in 'costs. 
Citizens still look; to their government o'fficials to deal with these 
problems that affect private transportation^ bliildings and residenc^Arid^ 
the livelihoods of many people such as truck drivers^ndT^serv^^ 
owners: Tunthermore, state and Jp(:al-^ovWTrper^ are major energy 
----c onsume rs th emselves^hitr'aTter^ sources are now under 

develoiirment, .energy, conservation-^particularly the judicious use of 
existing sujfjfilies^of petroleum products-is the only way to meet . the 
nation's, cpntinuing energy needs in the short term. For the long. term, 

• energy conservation provides an ialternative to large-scale expansion of 
. . bur :energy supply and the' associate^l ecqnomic, envirgnmental, and 

resource .pr.dWems. - 
\ Sltates energy problem; whatever the contributing causes, 

is basically a matter of demand and supply. Energy supply is determined , 
. by available fuel resources. and, prciduction capacity. Over the past 25 

>©^rs,;^)eT:capita^energy consumption increased 50 percent.' Since^there 
; !has/been a positive correlation, between per* capita energy consumption 

ajid increases) in per capita income, some experts' forecast that per capita 

energy, consujnption- will increase another 50 percent , over the next 15 
\years';.if no- effort is made to.^ util^jte our energy resources more 
•vefficieri.tly.2 Unfortunately, the United States Js 'dependent almost, 
^ehtlrelii^; on three fossil fujels-petroleu'm; coal, and gas-to meet its 

present energy supply needs. FiguVes 1 and 2 shoy energy consum'ption 
Land the. current sources and uses of energy in the U.S. , 

• Electricity is a secondary -energy form, since it is generated from - 
..primary sources^ such, as coal, petroleum, gas, or nuclear materials. 
^ Demand for electric power has b^ Increasing at *the. rate of 3 .fb 5^ 
||)ercent per yi^ar.^^ Kist^ricalfy, the rate of^criase has been oyen higher.. 

* Electrici ty usiage has doubleil Wery^'f^ for th^e past fpur decades.- 
> While about^ 25 percent of |ll -fossil fuel syppUes* are used to generate 

ejectricity aft present, this' il'expecte^ to increase to 40 percent by. the 
year^ 2^00.^ •mwe.verOihe capacity to generate electrtcity has increased^ 
only-^abqut 3 percent^'per year because of delays in constructing new 
j5^W!ftr plants. In some^^metropolitan areas, peak demand already exceeds 
riap'acity. during hot spells, when ai/ conditioning places a large burden on 
,Jhe electri^jJower system, ' . * . " 
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Figure 1. TOTAL U, S. pNERGY CONSUMPTION. Our total energy consump- 
tion more than doubled between 1940 and 1970. At current consump: 
tlon levels it is projected to more than double again by the year 2000.;^ >V 
\j> (Courtesy of Anf\prica|^lfistitute of Architects)- .. ' ^'dS*'*' 



Petroleum now supplies 45 percent of our energy 'needs. It 
one fuel upon which nearly all transportation depends. Petroleum 
consumption exceefled domestic production-in 1971 by 4 million barrels 
per day, or aboLj|?'34 percent. This difference was made up by imports. 
This consumption-production gap is expecte^!ifto gr(5w.by 1980 to 11 . 
million barrels per day. One reason for this gap is. that domestic 
production hasMncreased very little over the past 20 years; in iFact, overall 
drilling deCltned 63 percent in the same period,^ ■ 
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Figured U. ENERGY SOURCES AND USES. This chart illustrates both our primary energy sources and their 
uses in each of the four mergy-consuming sectors-buiidings. Industry, transpor^;tation, and electricity 
. . generation.' About 95 per cent of our energy is suplplied by nonrenewable fossil fuels. The. other 5 per 
cent, nucfear.and hydroelectric energy,. is used entirely foe electric power generation. . - 

Coal is. our most . abundant .-fossil fyel, accounting fon; about 75^ ^J-- 
> percent of the known doniestic fossil fueh resources: Although coal is . ' 

-plentiful, fTs G^M^R^ctioh and con^ustian have undesirable environmental' ^ 
consequerlc^es. The Clean Air Act of 1970 prohibited the use of coal with . , 

• a hijgh §ulfur content anjd, as a ^result, many' electric poweir plants, the . • 
primary users of this f-uel, sw^itched from burning caal to oiLJ (Some, 

however, have switched back to coal because of the oil shortage"?} Today; - . . 
coal, satisfies only 1.8 percent of Qur energy requirements.^ . ■ 

Natural gas supplies nearlyjo.ne-third of the natibn's energy require-: 
ments. However, we have consui;ned more gas each year since1^68 than 
we have found in new reserves: Total drilling has dropped 38 percent 

since 1959. Furthermore, proven reserves of natural gas (1972) wijl last ; . . 

. only for another 11 years at current, consumption rates.^ .. ; 

• The Arab oil embar-go during'the winter of 1973-1974 served to call ' . ' 
attention to these basic energy problems by causing a dramatic decrease 

• in petroleum fuel supply and an equally dramatic increase in prices. State * 

and Jocal government^ were/forced to curtail'.pr suspend some services ' " ' 

■ ancT tO respond to the many inconveniences e^perr4Qi;£,d by citizens. 
These- governments faced cutbacks in gasoline, dlesel fuel, and Tuel oil * ' * 

ERIC - :v , , . . 
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Gasoline and diesel fuel are used by state and local governments to 
operate nearly 1.5 ^rffRion motor vehicles—police cars, fire trucks; 
snov^plov^s, road .gratiers, garbage trucks, etc. Fuel oil is used by these 
governments for. heating, cooling, ventilating, and • lighting several 
hundred thousand public buildings— offices, schools, garages, fire houses, 
libraries, hospitals, etc. Also, many of the municipalities v^hich operate 
their own electric power plants burn oil,* ^ 

Alternative energy sources are now being studied by the National 
Science Foundation, Atomic Energy Commission, -Battelle Memorial 
Institute, and the major petroleum companies and electric utilities, to 
name^ just a few. Most ^ experts agree . that such • developments as 
magnet6hydrodyn5tmics and fast-breeder reactors for pVoducin^electric 
power will not be'in comnlercial operation for at least two decades, and 
large-scale coal gasification is at least one decade away,* * Solar and solid 
waste energy technologies are closer to commercial operation. Therefore, 
it appears that reducing energy consumption is the only practical means 
available in the near future to help balance the demand for -energy with 
the supply. There are only three ways^ to reduce consumption of the 
major fossil fuels: * . 

«* ' _ , . 

• Consume, less by reducing the use of energy-demanding equip- 
ment or pra'ctices. . . 

• Consume less by increasing the efficiency of energy-demanding 
equipment, / 

• Consume less critical fuels by switching to alternative energy 
sources such,as hydroelectric, gepthermal, solar, etc, ^ 

This- Energy Conservation technical Gaide" is written for state, 
county, or city government personnel who are faced with- the difficult 
-task of establishing a coniprehensive energy conservation program";or 
reviewing current energy conservation practices. It-is organized into six 
major chapters: ''^ 

1. Existing PubfJic Buildings, which deals with ntethods of conserving. . 
energy thYough retrofit equipment, improved maintenance, more 
efficient operating procedures; and other methods. ' * . 

2. New Public Buildings, which discusses the energy cpnservationf- 
aspects of design, comfort conditioning systems, and lighting, 

3. Publi'c Vehicle Fleets Management, which layg.' out fuel-saving te '"'^" 
niques for vehicle fleet operations of ^tate and^local governments. -^^^1^ 

4. Energy Conservation^ in the Private Sector, which deals with how^ 
government measures can control energy use in residential- an^l. 
commercial buildings, transportation services, and industry. . 

5. Electric Vtilifies, which is concerned \y^ith the control of enefgy. 
demand through utility rate structure regulatjbn." . . 

6. Alternative Energy Sources, which discusses the major alternate 
.energy sources on the horizon. • . . , 

The practitioner should find that this> Guide provides, hr one plap% the 
essential information about energy conservation for both public institu- 
tions and the private sector. Throughout the Guide, the* names, 
addresses, and phone numbers of information sources ire. provided to 
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give the reader a lead fjDr further inquiry^* These include equipment 
..manufadurers, federal, state, and, local government officials, trade 
associations, and research and" development institutions. In addition. 
Appendix A^cohtains a list of federal Agencies, as v/ell as institutions'and 
.associatioris, v^hich i can 'provide additional . inforhnation on -subjecls 
discussed in th'e text. These. listings are not intended to be comprehensive 
but rather /to pro^de the state' or local government practitioner v^ith 
.some initial cOntaf^^. 



.♦Although the citations were, checked for Accuracy just prior to publication, in 
some instances those whose name's are cited, may no longer be in the posftioh noted. 
Use of individual names was felt advisable as a means of initiating contact with a 
specific source, even though the name of the contact listed may now be inaccurate. 
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EXISTING PUBLIC 
BUILDINGS 




■ Public buildings are a prime target for an-fehergy canservation program. 
State, county; and city governments own and operate several hundred ^ • 

thouSand^ buildings.^ incjuding legislative/ executive, and administrative 
offices, schools, fire statibhs, police stations; libraries, ho f ' 

auditoriums, and. public housing. These buildjngs require energy for 
heating, ventilating, cooling, and lighting.*- 

The beating, and electricity costs for a typical public office building 
of 100,000 square feet in a moderate climate range from $7^,000 !td 
$.100,000 per year. Similarly, the utility bills for -a typical 100,000- ; 
square-foot school building are about $50,000 to $100,000 per year. Th^ 
Naflonar Bureau Qf. Standards, estimates that energy conservation 
practices can. reduce energy consumption. in existing buildings by 15 to 
25 percerit.^^^ This chapter .discusses a variety of practices and 
equipment that can be utilized to achieve this gOa[. 

State and focal , governments should establish' energy conservation ' ' ' 
programs for existing publfc buildings. A/ conservation program for 
existing r-buildings .. should . focus on at least four key areas^heating, 
ventilating, codling, and lighting. Energy consumption varies widely 
deperftling on building design, age, use, and location. Thus, there are no 
universal answers. Iri" order to'determine the specific-energy consumption 
pattern for an individual building, it . is desirable to begin by conducting a 
building energy audit. 

. % • 

• " • ■ ■ ,0 ■ . ■ . . • 

A building energy audit is simply a procedure .for monitoring, on a Energy Audits 
continuing basis, the energy -consumed in a certain structure. Thus, an 
■energy audit i^s a management planning and control tool. 

The funqtional areas of energy consiim'pticfn in bui.ldingsfare heating, 
cooling, ventilating, hot ..water; and lighting. One of the purposes of the 
energy aud^ is to obtaiia a ' breakdown,, if possible, of nhe amount 
consumed in each functional area. The General Services Administration , • 

(GSA) performed an audit on a typical* six-story gbverhment office ^ ' 

building in a New Englafnd state with these results: heating— 54 percent . ' • 

of annual energy use; lighting— 18 percent;* ventilajjng— 14 percent; 
cooling— 9 percent; ancThot water— 5 percent. Of'coufse, these figures 
. would vary considerably from region to region. Audits also allovi^ public 
officials to assess the effects of various conservation measures by 
Q oviding data on consumption before and after a change is made. 
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Naturally, an audit should include all sources 'of energy used in a 
building. . ' - ^ .. .. 

Several conriputer programs have been developed to analyze energy 
consumption in buildings and-to evaluate the feasibility of alternative' 
energy-saving ideas for both new and existing tjuildings. Two such 
programs are: ? ■ : * 

• ECUBE (Energy Conservation Using Better Engineering) devel- 
oped by the American Ga^ Association, and 
. • TRACE (Trane Air Conditioning Economics) developed by the 
Trane Company. « - 

Both^programs perform a comprehensive study of air conditioning-' 
heating system alternatives to. answer the basic question, how much less 
does it cost to operate one system versus another, and what is the saving 
jvorth in economic tenms? ' ■ 

A dynamic analysis accounts for the complex inte?raction among 
building energy systems^^-One example of the in^teraction between energy 
systems is the effect of lighting on' cooling: Another example Js the 
changes which occur in a building over the course of a day as a result of 
the fl'ow of people, the weather, and the operating schedule of building 
eq.uipment. . ' 

ECUBE,' 'which is commercially available to anyone, provides 
-information on energy requirements, equipment selection, and economic, 
comparisons of different building modifications. -The program is not as 
comprehensive as TRACE,'but the cost is only $50 to $100 per run. For 
additiprrai^formation on the use of ECUBE for analyzing building 
enei^y requirements, contact-the source below: . 

The Annerican Gas Association ''1' 
1515 Wilson Boulevard 7; * • 

/\rlington, Virginia 22209 ' , 

(703)524-2000 : ' .. ' \ ' 

The TRACE program calculates building loads (heat gains and 
losses), simulates both system and "equipment cfper^tion, and prepares a 
detailecf economic.^analysis comparing alternative designs with existing 
systems. Table 1 illustrates 'energy savings for a 20-story office building 

i ■'• .■ , ' ^ ' 

Table 1 COMPUTER EVALUATION OF* EFFECTS OF ' ENERGY-SAVIMG 
CHANGES ON 20-STORY OFFICE BUILDING* 



/ ' ' , -r^.. Annual energy 

Change ' " savings^ 



Change from electric to gas energy for hegting ......... ; . . $10 jOO ( 8.'7%) 

Change from absorption to centrifugal refrigeration $ 4,880 ( 3.9%) 

Changefrom dual ducMo variable air volume ..... •$24,190 {^9.7%) 

Reduce glass from 50*10 20 per cent . ^ . . . . $26,680 ', .(21.7) 

Change from clear glass to insulated reflective glass ......... . $26,170 C21 .3%) 

Reduce lighting irftensity from 4 to 3 watts per sq. ft. ...... . $ia,040 \ (10.6%) 

.Cumulative annual energy savings . : =$63,354 (51.7% 



• ' ' ' . of base energy cost of $122^541) 

*Bas6d on TRACE computer program'analysis for office building in Los Angeles. 
' Except for final cumulative figure; savings shown would occur if each change were made 
independently, not cumulatively. ;i 
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a.^ computed by the TRACE program. The program is available , to. 
architects or design engineers through ihe Trane Company's local sales 
• offices. The cost: of running the 'program varies v^ith the,si?e of the 
building, ranging from $400- to $3,000. For more infor'matidn on 
TRACE, contact: - 

Mr. Dennis Bridges'* * ; 
Manager of Market Development 
The Trane Company ' 
• 3600 Pammel Creek Road ' » 

. LaCrosse, Wisconsin 54601 

(608) 782-8000 /: ^ . . ' . v 

• Jurisdictions may conduct their ov^ri building energy audits manually 
by collecting and analyzing ceftain . d-ata. The information* gathered 
should include: ' ' • 

• • The floor space area of each buHd-ing.* • 
. • . Electric, utility bills for several moi^hs.- ' ■ 

• Heating fuel records f^r the same period. ; " 
.. • Degree days for tf^same period (available from the local v^eather 
station or heating ott supplier), , 

Such information can^.be used to construct a "Building Energy 
Index" to assess the approximate magnitude of^potentiLarenergy savings. 
The index is computed by converting all fuel use dat^;'o British Thermal 
Units (BTUs) and w^eighting each factor for sipurce energy. For example, 
since it takes about three BTUs of fuel at the source (the^pov^er plant) to 
deliver one BTU of energy in a building, electrical energy BTUs should 
be multiplied by three. Sum the BTUs from alj energy sources and 
determine the*rat.io^of^BTU$ per square foot of heated b'uilding space. 
Divide by the number of degree days. The energy content in BTUs per 
unit of heating fuel can be obtained from the supplier .^^he meS^ure of 
BTUs . per square foot per degree day is r good relative indicator of 
comparative energy use in most bu-ildings. 

' A detailed step-by-step procedure for conducting a building energy 
audit, as developed by the Nev^ York Board of Trade, is shov^n in Figure 
3. The ^procedure computes a Building Energy Ratio *(BER) that can be 
compared with those of similar buildings. The Board'soSuryey, of energy 
consumption in. four classes ofbuildings-hotels,''bariks, apartments, and 
offices-yielded theUiridings shown in the, bar graphs. Such a manual 
energy auditjs a„wi^ first step before deciding on whether to invest in a 
rKomputer en'ergy consumption analysis. .„ 

Energy, audits are also useful for niaintaining an energy ''quota'' for 
'each public building. A jurisdiction may wish-to reduce arbitrarily the 
energy consumption of each building by a certain percentage ; and 
allocat^ the energy supply among all its buildings on this basis. Using 
pr:|allocation records as a measure, the energy audit permits officials XS 
dWermine^ how closely each building is conforrning to its designated 
energy conservation program. ^ 

It is recommenqled that the energy audit be initiated first to establish 
a baseline against which to formulate a realistic program. Afteiv the 
program is started, officials can turn their attention to specific operating 
changes and equipment modifications for achieving energy savings. For 
further information on how to cohduct-'ahd interpret the results of* 
energy. audlR, contact: . . ' 
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DCTCItMININC EFFI^CIENCY 

To determine how eCGclently you are ysing 
energy in a building it is necessary to change 
all uniu of energy . consumed to a common 

^n^r-rBTU's (British thermal units). Total 
all BTU*a, divide by the square footage and 
you will arrive ^at ' BTU'a used, annually per 
square foot. This ratio will be referred to as 

. the building's . BERt-BUILDING ENERGY 
RATIO. 

By comparing your BER with the BER of a 
building of like operation and category, you 
will be able to determine how you are doing 
on energy conservation. Please refer to a 
recent energy survey on back coVer. 

The formula for calculating your building's 
• BEIR is described, step by . step, and an 
o^imple is given, for each step. 




EXAMPLE ■ ' ^ 

Here we have a commercial offic^' building. 
. For demonstration purposes, the building 'in 
our example Has all four commonly used 
energies. (Most buildings use only two or 
three.) 

The building is 3i> stories tall and .lias a- 
s^back: The dimensions are; 

floors 1 thru 10^ 240' x 200' 
floors 11. thru 31: 200' ? 200' 

The energy consumed for 12 consecutive 
months isF i. . 



Electricity : 
Natural Gas: 
Steam: 
«2 Oil : 



13,479,200 KWH 
8,091 CCF 
54,872 . 
' 15,000 Gals. 



NOW WE j\RE READY TO START 
: ' COMPtmNG 



1 Gather (frOm utility bills, etc.) the annual usage 
of . energy units— kilowatt hours of electricity 
(KWH), hundreds of cubic feet of natural gas 
(CCF), thousands, of pounds of steam (M*), 
and gallons of oil. Entj&r the flgures from your 
hills on lines 1, 3, 5 and 7 in COLUMN A. Be sure to 
include all forms of energy used in your operation. THEN: 

(a) Calculate as shown by multiplying the: units 
of energy by the factor. jgiveh in COLUMN B. 

(b) . Add the products (lines 2, 4, 6 and 8) of 

COLUMN C — enter, on line 9.' 



Column a 

Units of Energy 
Electricit 



COLUMN B 
Factor 



COLUMN C 
BTV's iin thousands) 



= 4.. 



(c) Carry the figures on line 9 to line 12. 



\ 



KWH (Kilowall hours) „ ^ 

Natural Gasw - ^ ^ 
3. KO?/ X. 100 

CCF (low of cu. ft.) 
Steam: /pr7 ^ 

S.^ o X 1200 

M^f (;,000s of pounds) 

?!!LW^^^ X M38 = 
Gallons **146 

TOTAL 

(Add lines 2; 4, 6, 8). 



ENTER ON tiNE 12 
- BTU's/yr. (in 1,000s) s 



* Steam as purchased and billed from a .utility. (On-site generated 
steam not to be Calculated.) / 



♦ Use for #2 oil. 
Use for #6 oil. 




Determine ki'oss square footage or "rentable" square 
fpota^e and enter ort line 13. 

Hotels use gross square footage — aU others use 
"Rentable** square footage. . j 
If you already have this figure, enter on line'l3, 
if not, calculate as follows: 

To calculate gross square footage: Determine square footage of 
each floor and multiply by the number of similar floors (if more 
than 1 floor). Total-^the result is the Rross square footage. 
To calculate '*tentable*' square footage: ''Rentable" square footage 
is gross square footage minus closets, halls, stairways, etc. IfMt is 
not practical to measure from plans, d>S'''f oi gross square- footage 
may be used. t 
' EXAMPLE; Our comn;ercial office. building has 31 stories: 

Floors 1 thru 10: 240* x 200' 
CALCULATION: ll thru 31: 200* x 200' > 

48,Q0O sq.jft. . 

X iO stories — ' 
- 40,000. sq ft. 

X 21 stories — 

,6^ 



240" X 200* - 
200' X 200' 



480,000 sq. ft. 

840.000 ft.* 
1,320,000 gross sq. (t. 

X 85 % 
1,122,000 "rentable' 



sq. ft. 



ENTER ON LINE 13 



3 



Now calculate the Building Energy Ratio 
(BER) by dividing the total annual BTU's 
(line 12) by ih^ square footage (line 13). 
Carry ope decimal point, and Renter on 
line 14. 



Total ^TU's/yr/ (in 
thousands) 
— from line 9 . ^ 



14. 



-Hotels—Gross Sq. Ft. 
, Others—Rentable Sq.Ft. 
—from line 10 qr 11 



BUILDING ENERGY RATIO 
' ' - (BER) - 



Figure 3a. BUILDING ENERGY RATIO. The New York (City) Board of Trade has developed this procedure for 
computing an Index to compare the efficiency of energy use In different buildings. Thls^lndex Is called 
the Building Energy Ratio (B.E.R.). The above illustration shows hpvvjhe B.E.R. was computed for ohe 
commercial office building In New York City. You may .wish to use a similar procedure to Identify which 
buildings in 'your jurisdiction use energy in the least efficient manner. This procedure' can assist the 
jurisdiction In setting relative priorities among existing office buildings in-order to schedule .corrective 
action as part of an overall energy conservation program. 

■ . '"' ■ . "3.5 : . ■* 
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^HOW YOU ARE READY TO CALCULATE YOUR BER 



X :U zrz 2.. 



COLUMN A COLUMN B 
Units of Energy, Faclnr 

Kleclricily : 

•1. 

KV?H (Kilowatt hours) 
Natural (»as: • , ■ 

3. ' X 100 =r L. 

CCF (100s of cu. ft.) . 
Steam: . 
5,. 



COLUMN C 
PTC's (in lh o usnfiJ\) 



X 1200 = 6. 



(1,000s of pounds) 
Oil: 

7. — . X *m - 

Gallons ••11-6 
TOTAI, 

(Add lines 2. k 6, 8) 

• Use for #2 oil. ■■. 
••Use for *6 oil. 



t.. 

9.. 



ENTER ON LINE 12 
BTU's/yr. (in 1,000s) 



ENERGY SURVEY 

Alongside are the results of' a recent energy survey con- 
ducted by the .NW York' Board of trade which reflects 
information supplied on returned questionnaires. 

The .figures on the le^t indicate the range of BER's and 
the bar graphs indicate how inajiy rcsrp'on^ents fell into that 
range. For instance, the chart headed "BANKS" indicates 
40% of the 105 respondents had a BER of between 51 
and 100. . ^ - 7 . 

Comparison between categories should not be made as 
varying energy inputs are inyolved. 




N«W VOaiK aOAMO p^.THADM tNC, 
3 3 O' MADISON AVENUE 
NEW* VO.RKi, N. y. 1O017 



FLOORS 



No. of 
Floors 



Sq. Ft. 
Per Floor 



Square Feet 



To 
To 
To 



X 
X 
X 



Cross Sq. Ft. (lo) ; 
Rentable Sq. Ft. (u) 



X 8 5% 




Total BTU's/yr. (in 
thousands)' from line Q 

14, 



1 3. 

Hotels— Sq. Ft. 
Others— Rentable Sq. Ft. 



• BUILDING ENERGY RATIO 

($ER) ^ 
YOU NOW HAVE YOUR BVILDINC ENERGY RATIO 





50% 



■7.6% 



201-2$0W1.0% 

Tenants 



ttw, 19.4 — Mfh, 247,1 



(7) 



O-SOi 
5M0OI 
101-1S0B 



■ 14.2% 



Commercial Offices 

51-100^2.4%. " 
1 01 '1 SO ^^^^HH^^^^^H^d^ 
151-200 ■^M^^H^H^M19.5% H 
201-250 ^^■^^^H^^^M22J}% 

251-300^HH^^HB14.6%*. 
301-350 m^mmmfm^.B% ^ . 

351^^«2.4%' flinff»: low. 7tJ - 1 

*' Electricity only! ' - . ^ > 



^^HH^^^H42.9% . 
■^H^^^^42.9% 

Rartg^: low, 9M — Mfh, itSJ 

(41) i 




Figure 3b. et)lLDING ENERGY RATfO. This section of. Figure 3 may be used to compute your Building Energy . 

. Ratio. The bar graphs shoW the results of a survey .of BERs for, various types' of bgiljdlng^'^fn' New. York 
City. The BERs shown apply only to the New York City survey and might v«ry significantly for similar 
surveys in other cities. (Courtesy of New York City Office of Energy Conservation arid New York 'Board 
of Trade! • ' ' ' - ; 



Mr. eiiff Cabellero: . ' \ \ \ 

Chief Administrative Office— Energy Section 
Room 344-Hal I of Records 
320 West Temple Street > 

l/os Angeles, California 90012 ^ , " • . 

(213)974-1461 \ . ^ ' • - 

The following sections show how the three 'ways to conserve the' 
major fossij fuels-ronsume less, increase efffciency, and use alternate 
sources-relate to existing building systems. Energy conservation features 
discussed include heat/recovery, vyindows, lighting, air cdnditionirig, and ' . - 
ventilation. At the end of the chapter is a cqmprehensiye checklist-.of 
building energy conservation tips. , ^ - 

.if" ••" ■ ■■ ' ■■ ^. " 

Comfort conditioning is undoubtedlynhe greatest energy consuming Heating and Cooling 
function qf a building. Comfort conditioning involves thVee interrelated 
building systems-heating, ventilating, and, ^r co^n^ 
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turn, there are four approaches that can be used together to conserve the 
energy needed to provide comfort conditioning: ■ 



" • Operating fjVAC syble i nsdl luwe i l evels, — — . • ■ . 

• ' Reducing heat gains and losses, 

■ • Installing nev^ equipment to reclaim waste heat, and 

• Instituting more effective maintenance procedures. 

The first approach includes' turning off heating and cooling systems 
:in unoccupied areas or during periods v^hen the building is unoccupied. 
This requires sectioning the building into zones and ffegulating the - 
heating and coojjng system independently f^^^^ , 

Building managers, have heard a |reat deal recently" about energy 
savings achteved by turning down thermostats in the wjnter and up in the 
summer. Raising thermostat settings, in the summer to 80° F and.^ 
humidistat .settings to 60 percent relatiye humidity can reduce energy 
demand by 15 jbercent compared vyith pperation at 75° F aild 50 percent 
relative humidiV.'"* ; Recent studies have- shown that with, suitable 
clothing, the higHer terhperature 'is acceptable. In the winter,' comfort, 
-can be maintaitied at. temperatures below 70° F if the relative humidity 
'can. be increased above 45 percent,*^. \n the heating seS'son, the average 
energy consumption for. heating" increases from' 3 to 5 fj^ercent for eveJ:y 
degree Fahrenheit a building, is rnaintained above 70|^. Ca must be . 
taken in lowering thermostats to. 68"° F in.the winter if-'^^fferent sectors 
of the building ar^ not independently condi'tioned, -Since theMnterior or,, 
corcuof a building is often warmer than 68° F eV^n in the winter, this . ' 
may 'cause the air. conditioning sys^tem to go on in order to cool the core 
sector., . . • . , ■ * . .. 

A 5ettjng. confrbis ba'ck on the HVAC sy6tems%hpuld be pfjased in ' 
gradually in the, rnprning' over sieveral hours to avoiB a sudden electric^ 
power' demand.' Electric motors generally require abbut^six times as., 
Tnuch power during the fir^sbf.ew seconds of start-up as during bperaftdhr^A 
' Phased "start-up vyill alsO;;Teduce utitit;y bills, since dectf ici power charges ' 
:.ar,e base4.9n: tipth energy consumption and power deniand, - ^ - 

Minor rnpdifications of the control logic of some HVAC systems can - 
have a\dt^amatic impact on the energy^ consumption of these systems, .-v: 
. Qne 'type, the rehieat system, contmonly installed in cdmme^rcial and..'', 
institutional.;. byild;i.ngs.':h^ cost, is particularty y - ' 

en^r'igy-'\^^ boji.er and cJSilter 

sim'ultai^'ebusly in dfd^,r Vd.;,cantr6l h^idity«when thQ systetn Jsi^cin the 
cooling cycle. This m'feans that heating oil is being burned in tl;je;$Ummer 
ini;oKd.er to reheat the air which, was overcooled by the;' chiller. It Js 
po'ssible to m.odjfy ..the controls of many dew-point rdl^eat-^^ 
systems and achiev^ significant energy -pavings. The Grumman A^^ 
Corporation provides architectural-^lpigin^'ering Services to niake these . 
changes. For additional information, "cQntact: . -^'T- VV. . 

. ; .Mr. Timothy J. Murphy, P. E: v *' 

Energy Systems Division 

Grumniyan Aerospace Corporation \ . / . 

•. /■ •,Plant*3jO -r ' \ . . . ^ '"t. . 

■ _ Bethpage, New York 1 1 7H . f 3^?'.- 't'':^-'^-<^'' -t.'' . 
• * (51 6)575-9630 ■ ■ ^ > ; - V^^ ••^^^iit- ^ ' 
j^^^The second * approjich^ involves reducjng heat gains, and losses. 

Ventilation place^j^a significant demand on heating and cooling :S^.3tems • 
because the out'sl'^v.air it brings into a building is usua^^ 
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temperature from that inside .Some experts teel that th^^ , , • 

•staridards regarding ventilation are excessive for tbe purposes of- health : . • 

and . comfort and that significant energy savings .could be realized hy ' • - ' 

reyucing tnese requirements. Most current ventilation standards are set - ■ . " '. • < ■■■ ■ 

, 'arbitrarily, because there has.been little. scientific study of tlie relation- • 
ship between ventilation ratd^^and human response.The general Services' '. ^ • 

.Adhiinistratipn is' currentlfstViying this relationship and ^ ' »• • 

forthcoiVing. . -, ^ ' . > . . . . • ..■ . \>\ . "-^Jv' N ' • ' 

• In th^b&ence of better d^ta,. the iSati,o.narBureau'o^^^ ' • . 
issued th^^^llowing. ventilation guidelines:';*' ^^^^ 

• •; Oxygen Su.pply........;...._..._: 3 CFM/person ■ ' . 

•■■ ;• Cafeterias .............i.........:.. 10-1 Z.CFM/person ... , ' 

Smoking. Areas 25-4.0 CFM/fJerson ■ ■ " - , .. : 

Odor Go'ntrol. ; 5 CfM/person. • .V .' ' 

Toilet Exhaust........... 10-15 air^changes per hour ' jr>:- '4 

Corridors. .../-^ .,.2 airchanges per hour ■ .-C : ■ ^. 

The National Bureay of- Standards estimates that a reduction up t^ 
30-50 percent of the energy required for heating-and 15-20 percent of C.^'r^V: 
that required for . air. coriditiohing can be achieved by adjusting .the ^ .y* ' 
^A^Qntilation lever tO;Occiipancy.' 7; This means varying ind^end . :"#y^'^'' 

yentjf^tion air flow in, different.S^ctors of the building. Of course, when '^r:.-^: ' 

outd.oor.air temperatures are mild, energy use can be reduced by relying ' .'^^- -^ ■ ' 

more on . butdoor/air and less on mechanical cooling and heating. Other . • 

■factors, such as solar penetration through;.w^^^^^ , . . :. 

oin/heating and cooling systems. . ' ' - 

; in many commercial and institutioMi;b(iii;Min^ . ' "^^^^^i 

the exterioi^^Offace area is glass. Solaif:|t:an?W^^ . . ^ ' ■. 

wi.ndows.acc;bi?nts for a. significant .p.^;i;;t^^^^^^^^ in the 

suiTimer. 'Over 80 percent of the sogf.^^t::=^i;Mkin;^^^ .. . ' ^•^f^J' , ■ ' ; 

plate , window penetrates into , the :bujfam|.itr:^^^^^ ■ -^7 . • ■ 

:prdinary plate gl^s to conduct'/heat^ is:;f{v^^:i^^^^ that of ° . ' 

•,«(ell-insulated- walls, windows.also... Become, a -so^^ 

weather. ; ,V"S; , ' ... ■ • .. 

Several .design measures can minlmi.?e, these-'d^^^^ 
can reduce solar gain during the^ddlmg season,^^ should be removed 

diirmgjthe heating seas _ 
surfaces, contact one of the infori+ia^ • ■ ' 

^;':/j,jBr, Jack'Snell.^ ' J: vV;,'/i:.,': ' . , 

' '- v .GjJilifji.^Office of Energy' Go^^ ' . ^ 

;';:.Ceii^,^^'F^^^^ V ' 

'•IHatti'dnal. Bureau of Standar^i^V--/^^^^^^ " 'V?. >. ^""^ • 

. ,t^CS. Department of Commerce.- 1 '' ' .';"*''^^^^^^ ' -. • 

•:vi/ashington, D.C. 20234 'S ■^'V --:-''>i^. .:'ii>. .' V 
"■ ^>^r:;(3Q1) 921-3637 ■ ' fs^^r T^^' .v^^^v^ " ' ■ ' 

Mr.-John T.'Malarky ' O/.'fV ■? {^^v , ■ .. . ■ . . ' " 

•. Market .Managej^Residential Cop's^^^ . ■ 

'■ . TPG Industries, I nc/,..,.y,'-^ . - ■ , . _ . ' : 

_ 1 Gatewa^Genteij:ii'/^;^V>^ ■ ' ■ ■ 

Pittsb.ujgH] P^lfe^t^^^^^ 

'i ..Jhe third;.apgr^^^^^^ energy use in building . heating and 

roding systemX..'i5'-to reclaim heat energy that would otherwise be 
A" .building .systems ^^g^^^ from equipijient in addition 

ci' M for warmihe'tiie .huirHi"na^^^ mnct r-.:icoc fu;',- u»,* ....j . 




r^^^^-^* '' ^*'''^'"S'>H^W!^'"n.g' 'n most cases fh is heat is exhaustec 

E RIC....' :::MB&^k,'-^t ■':^■^ ^5- 



sted tQ.- 
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the outside and dissipated; Therje;ir.emet^ of capturing this 

heat and using it for su'pplemerltipgith'Q'bas^^^ system or for the 

ierminal reheat portion of the ajr eonait>or>ing s^ 



The maTor commefciciliy a;Va1lab.k: h^^^^ system is the heat 

lA'heel (see Figure 4). Af/heatvwKe^ aluminum or steel :. 

'mesh or a c6rrugated asl)!est(js4ype;mat^ hot or cold air. 

*\ it. is instailed^'dlrectl^^^ motor-driven 

Av^eteJaurnsVftJ'ebr^jn^^ ventilating.,;*;; 
;• . ' / dtjct .toVthe "cdbler one; vln .ad^ be - 

fi'-f used^iFor cooling and d^^ 

devices is determined.by *thd 1^ is \ 

■ W^;)^latl^^^ fn: te![;ms' pif vcUbic vfe^^^^ ) 
. .:rn$taNationf cbsts ar^;l^^twpen ^ 30 atid-SO cents {ii^ ;^ijfb:ic -l^qt^^^^ 

' -:::€^if^ Heat Wli^elS'C^^^^ at allj'-howeyei-^^;^^ 

intake ducts* are 'cjos^v^^^^ Thgs, they \ar:e^rppf^^^^^^^ 

■ bu'^ldings Which have G:^WiraL,\iexhaust systems. AnothervHeal recovery ' 
- ^J'systenri, the runaround-.^y^m /, can 'accomplish much th?. settle effect as 

Ehe heat wheel in*^ buildings'Where the exhaust and intake' ducts are far^_ . 



I apart ^ 

Careful 



corisideratidl,n jlhould be given to instalting +ieat wheels in 
*'^VJ;)()uildings which are bejng^lenla^^^ or' renovated, because heat wheels 
/.*'''^:' :in^ the eff^ctivenes^ipf existing heating and cobling plants. Their 
Use , may eliminate the Mtessity of ^ddirig^ n and cooling 

; equipmpp^;, thus saving bjbt 
|ph onl heat wheels and |!iti 
fol lowing corporations: /jf ' 

(J^Vi^g CWporatiorl 
/Division Aero-Ffow 



energy aad:;m'Qney. For additional infojrma- 
;r heat recovery devices, write. or phon'fe tha 
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nami'cs, Inc.' 
^300 North Stiles'Sit^^^ ' 
iiinden, New J:e??e'0o|O36 . 

i {ibi J 486-7400 r/: 1 \ / 
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Figure 4.;H0W A HEAT W-HEEL 

exhaust and intake ductsi 



ERIC 



SrVHeat^hegls can be plap#^; m^ e)^I$.ting ventilation systems when the . 
, ;j^'?closej tbgether| buring stlfmniferji^gj^ the wheel surface is coored and 

dehumidified as it rotatesSwriJugh the cool, dry e^chaust a|r$||ea^ The surface then rotates across the hot, 
moist fresh ajr supply.airstream and^as^rb^ heat and. m&rstu^|l^^^^» to 90 per cent of the normally wasted 
cooling energy. -in the exhaust a'rsl^^M^-reco^^^^^ air supply. In winter the heat \wheel^ 

absorbs heat and nioisture fri^^i'the^M^ it to the fresh air supply.. Up to 90.p^; 

cent of the normally wasted' exhaa^^,r^r.§^^^ and humidify the. fresh air t.supply. 

(Courtesy of Wing Corporation) 
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Mr, John'IVIcGuinhess, Sales M^hagbn Nj^^^^^^^^ / ■ ■ 
Cargo Caire-Engineering rnrpnr^ t fp;^^^ 



v-;:ArnesbLiry;^^a^ ' \ \ 

: Mr;Dejinjs%a^^^ • . ■ ; \ . • V 

Managerl^fvMarket . C ' ' 

- The Trarie: Company ' • - ■ .1^ ^. - ^ / * i 

3600 PajTimel Creek Road / ''fff^-fi!: : " ^ ' . : ' V 

■ LaCrosse, Wisconsin 5460r • ; :■ * *^'*''V -. * . • . 

(608) 7S2-8QbO ^ .; v : : 



Check automatic .cojfnbustlon control sysUms. ' • ' ' " ' 
Glean heat transfer; surfaces and baqkf1;q|h pipes periodically, 
^hangp air filters periodic^ - . . . 

Che^k excess air in .bQ)t^r'operations./ • ' ; \ ^ ^ 

'lyi'inimize.the levef'^^ ; : /V ■ ■ ■ • 

Check ^teana trapsfpr leaks/ • ■ 



• Many office ■ buildings .consume' far mQre energy than necessary 
because . operating- personnel are not acquainted with the { design ' 
. capabilities of their IpiTHdings. Consulting engineers who design .HVAC^ 
systems oft^n do not traferjirt necessary information to. the 




■ Another example of waste heat recovery is the utiluatio'rt^ o^Keat ■'' • ' ■ ^ ■ ' 
... frorri^thejightirig system for space he^^^ This can be^act6n>pFii^efi-^^^v • • ^ 
..;vbx.userig:^ lighting fixture provided with slots.through whicH>retiihn-^i^r^i#>/^- ' ' ' , 
. ./(Ira^ry ^irifa^he ceilirig plenuiti. The air picks up heat disslpaW fry^'^tte"-' ■ ' • • 

'■ :/"a^^^^ra;r^ing the temperature of the ceiling plen : ' ^ 

• can be: uspd; for heating the/'peri.meter; zones of ;he:'6'uilding or in tfe 
summer^r^^^^ - 

' J''/^;;'*^3^^Pf^^''="'^'''y '-^Portant feature sitwfe^lri; some commercial 
bu,id,AgS- 5p^^ percent of the cooling Jqsd'ts due' to lighting ^ i jhS ■ - 
warm^|>|^nl|m;^ir can be used effectively ^alVo' in the terminal" reheat' ' 
portiqin^f^i^^Ctofiaitioning^^.^^^ 

cent^.h|f^t5^.£^jj^ efficiently, at lc#er.'temperatCires. FIgorescent ■ ' ■ ' 
l.ght • f5^t^pv^^t|v>pucn.ps for recoyeririg, light-gene rated heat ard . / 

corrvpa^l^jy .^^^ .«an : be ' installed .in inev^^ or in existing -"^ " 

. buii^itigs-Detisibris regarding WstajlatJori-c^^^^yi^e^^^ recovering^ • ' - 
the heat of Nght must, be made for a t^articui^flBiiiJtling ' 

■. tura[ and engineering firm- . ■ " . ' ~ ' ii^J''^^ ., : ' . ' 

■The «ists of puri^hasing' and installing thes^^rre^^^^^^ 
;^ Jev.ces w«ry from.buildjng^tb building depend irig'ori'the^^OmjD!^ ; 

and modifications required to- make the Equipment cottipati^gEJi^he 
^... .pisting HVAC system. The heat . recovery: eq.uipment ,disete^^^^^ 
j^gn be added to existing buildings, as well as instaijed'-in JfeW^tiirildings 
' The ecoHomic feasibility of installing heat recbveryasystertii'depends'oh : 

individual- buiiding c|»ar^ct^^^^ local fuel cbstS; anV/i.^ipal climatic ■ 

conditions/ CompOter ;iiii(y,sis can forecast- the ecbnom • 
such installations. , . ' ': • . - ■ • , .. ■ ■ 

'^^V:;The fourth methb(|^^<yf cortserving energy in^^ubiic buildings is'*to' ■ ' 
. institute more effe'c^^^^^^^^^^^ 

. nated program of pr^yehtiv/ maintenance, for HVAC systems can have a. ' 
-signitic-^nt impact on the energy requirements of office biMildi'ngs Some 
measures to be included are: ' " ■ ' - -ry^^ 
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\ Sometimes,, as a biiilding changes ha'nds, it passes from o»ne set of 
'operators to . another. Designers ,sh*6uld be required to. provide an 
opeVati.ng guide with e^ch building system. For more information on the 
energy conservatioh aspects of buildingS^eating and 'cooling systems, call 
or write the 'Gerteral Services, Administration, an agency of the federal 
government, at the address below: • > , ^ 

■ Mr. M.S. Blackistone ■ ' . ■ ; 
Public Buildings Service 

General Services Administration ^ .... 
18th and F Streets, N.W. ' - ■ . 

Washington, D.C. 20405 . .^*" . 

■ , (202)343-6117, . . : * • ':■ 

For additional information on energy conservation in heating, 
ventUatingi and air conditioning systems in general, please refer to the 
- AIA Research Corporation's £/7er^y Conservation in Building Design (see"* 
bibliography reference 29), the ASHRAE (American Society of Heating, 
Refrigerating and Air-Conditioaing Engineers) Handbool^ of Fundamen- 
^c7/5,.v^nd other^handbo'oks. Copies of. these arid other materials on this 

■ topic can be obtained by contactFng the following sources: ' 

. . *• '. ' • ■ , . . 

^ . . American Society of Heating, Refrigerating 
^ and Air-Conditioning 'Engineers, Inc. 

345 E.47th Street . ' * . 

,,- V^ New York, New York 1Q017 . ?^ . 

. (212) 752-6800 . / • 

. . ■ ■ • 

* AlA Research Corporation .:i0''-i''-ri^ . ' 

■1735 New York Avenue., N.VJ..^^ii-''': .. 
Washington, D.C: 20006 ..'ifj '* ;v ;-' - ' ' 



^i| ^ . . . _ ' (202) 785-8778 ,->^^'^-: 
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Lighting With the exception of heating, ventilation, and'-air conditioning, lighting 
systems use more energy in buildings than any 'other feature. Also, in a 
" . typical offiije building, ' lighting systems account for or>e-foj^rth to 

, . two-thirds of the pooling load in hot weather. The National Bureau of 

\ ' Standards suggests that the demand for lighting could be cut by at least 
•y . ' ^15 percent in most buildings by implementing'some basic recommenda- 

*■" ^. * - A tibns developed by the lllumrnating Engineering Society.^ ^ These 

. ' ' recd-rtimendations apply to the design of lighting, for new .construction, 

/ the selection of lighting ' equipment, and renbv^tion, op^iration, and 
. maintenance' of existing lighting systems. ^ ' ' 

V* . 1.. Design lightmg for the expected activity. Lighting levels shou^^ be 

adjusted for. specific tasks. There'should be a capability, to reloca^ or 
alter lighting equipment;when,and- where changes in the use of space 
are anticipated. ■ ' . 'V - 

, 2. .Provide 'iflexibiJity In the control' of lighting, fefie separate and 

vii- ^ .. conveYifent switching or dihriming devrces for areas that have different 

■ . use patterns. It is always more economkal to^ turn off incarid€*«cnt 

•/'^ e lighting when a working ^Ace is unoccupied. Where off-Jime is more 

/' '■ . , * ' . - than a few minutes, fluorescent and. other high-jntensity lighting 

• *' . .■ • shpiffd' be turocd* off too. In areas where adequate daylighting is 

" \ • available, ; photoelectric ^ste.ms can be .lised to., control >^lectfjc 

' . lighting and take advantage of natural lighting. In buildings, thaf-clp 

^' ^ « not f)fovi(Je f6'r separate' switching, it may be desirlible to instalh 
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• ■ ■ ' ■• a . . . ■ ' ', t. ' 

3k : Use the n^ost Efficient light source appropriate to each applicatiori! 
'the e/ficiency of different sources of light is- measured in light 
output?(lumens) per unit of electriealjnput (watts).. Table 2 shows' 
• the relative efficiencies of various light sources. Note, in general, that 
witli[- higher v^it^^^^ energy efficiency i.ifereases, even annong light 
sources of the sSn^e ,t)(pe. Table ,3,,il;tustra^te^^^^ annual fn^fgy and 
■ ■. .co.rnpu ted cost sa-viK^^ for;'S:ppfcif ic^^^^^ n ities in offices, 

• industrial plants, and stores: .'' -'''-^^ . ' .. - 

:4. Use lighter knishes orj ceilings, wallSyJJoors) and furnishings. Lighter 
finishes reflect a greater proportion of available light, which reduced 
the drain on electricity used for lighting. ' ' ^ 
5. Keep lighting equipment clean and in good working condition. With 
^ good maintenance you can get up to 50 percent ^(iditional 
illumination at no increase in cost or energy consumption. Rere are 
the simple rules of a good lighting maintenance program:' \, 



Table 2 COMPARATIVE LIGHT SOURCE EFFICIE;(jlC),^^i; 
* » ■ • 

^r-^. \ . • • _ _Lumens to 

Light type tv5.V ' " DescriptionT . '.watts ratio • 

Incandescent '. . 40-watt general service lltol 

Incandescent ' 1 OOO^watt general service* - ■>22 to 1 

.Fluorescent .2 24-inch cool white ,^ 50 to 1 

Mercury vapor ^. v j400-watt phosphor-coated nj^ercury 50 to 1 

Mercury vapor . , lOQO-watt phosphor-coated mercury 55 to 1 

Fluorescent........ -^2 48-inch cool wihite ' ^ 70 to 1 

. Metal halide , 400-watt metal halide ' . ^ ' ?§ to 1 

Metaihalide 1000-watt metal halide ^ ' 85 to 1 

Sodiujiiv^or 400-watt high-pres$are'Sp.dium 100 to 1 

— ' ■ — - , \ . ^ — . . » ' — . — y . ^ , I— 

SOURCE: Illuminating tngineering Society, Recommendations for Better Utilization of 
Energy Expended for-Ughting {New york^THe Society .^fpT^^^^^ '"^ 

Table 3 RELAMPIIv/G OPplR-f^NVtlES* ' 

fjfevlous lamping \ . - ' Changed to %r .<^v;r Annual savings 

office lamps\(270d hrs. per yr.) • ^ ' . ' ' \ ; 

1 300-watt incandescent . . . * 1 100-watt ifiercury vapor $14.58 (486 kwh) 

2 lOO-watt incandescent ... 1 40-watt fluorescent \ $12.^0 (400 kwh) 
7 150-watt jncandescent ... 1 150-watt sodium vapor . $70.80 (2360 kwh) 

Ir^fitfiallanij^s (3000 hrs. per yr.) 

'l 300-watt incandescent ... 2'4Q-watt fluorescent ' $18^69 ,* (623 kwh) 

MOOOQ-watt incandescent . 2 21 5-watt fluorescent $48.51 . (1617 kvvh) 

3 3Q0-watt incdndescen't . . .. 1 250-wart soicJium vapor $54.18 (1806 kwh) 



Store lamps (330ftrh?S^ per yrJ^ 

. . 1 300-waU incandescent ... 2 40-v\/att fluoresfcent $20.55 (685 kwh) 

. i 200-watt incandescent 1 lOO-watt mercury, vapor $ 7,92- (264 kwh) 

' 2 200-vyatt incandescewt. . . / 1 175\vatt mercury vapor $20.10, (670 kwh) 

Office of Conservation anpl Bnv\ror\mer\tj Lighting and Thermal \<Jp^erations 
(Washingtdh, D;p,: Federal Energy Admirtistration, 1974), p.-a. 
. "AH costs a<e figured at 3 ce\j^t8 per kwh. Thft ajfeuat savings Include normal ballast loss, * 
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; (a) Replace burned but lamps immediately. 
• ibl Use lamps. that are rated for the voltage in use!. 

(c) Be sure fluorescent lamps operate at a cool ambient temperature. 
•\ ..'(d), Keep lamps and luminaires clean.. Repaint them when reflec- 
:^ - tances fall. below their recommended values. ' ^ . . 
■;.<> (e) When.yau remove fluorescent. lamps/rpm fixtures to reduce light 
level, disconnect the power to the ballast or you will have, done 
^ only 80 percent of what you'thpught you dW. 
Post instructipns covering operation and maintenance. You may have 
■ the greatest system in the world, but unless you-communicate its 
fe^ures to the/tjsers, yorff- efficiency will suffer. 

^ According t^^the American Institute of Architects Research Corpora- 
tibn, ^reducing footcandle levels by one-third can reduce the energy 
consumption of lighting systems by as much as 90 percent^ (This is based 
on an Qxjgfneering study by Dubin-Mindell-Bloome Associates in. N.e\v 
York.) Lighting in the United States is usually measured in footcandles 
with a standard light meter. Hov/evw", the Illuminating Engineering- 
Society (lES), which recommends lighting standards, has recently- 
. intj-odu'ced Equivalent Sphere Jllumination^ (ESI),as % peW measure of 
effective lighting. The ESI is essentially a glare-free footcandle. 

There are no nationally accepted standard? for lightirlg levels in 
buildings.* The minimum stanc(^rd ..suggested by the lES, 140-125 
' footcandles' (FC), has- been criticized 'for being, unnecessarily high. 
'Jherefore, severaJ^sets of recommendations are Cited to provide guidance 
"tn adjusting lighting levels. Table 4 shows Federal Energy Administratipn * 
guidelines for illumination levels in offices arid institutional buildings. 

Tf^eSe recommended levels are based on"a 'year-lorig study by .the 
General Services -Administration in federal office • buildings. Tests 
conducted since the 1950s haye sHown thjt reading does not'improve 
above 3b FC, and a recent NSF(RANN)-sponsored- study of New York 
Gity public s^:hoQls has reported that there is no correlation between 
higher light levels and educational achievement. . 

The Grumman Aerospace Corporation reduced lighting levels in its 
offices from the range of 1 40-1 60 FC to 70-1 1 0 FC; secretaries were ^ble 



^Table 4 RECOMMENDED MAXIMUM LIGHTIN.G '♦LEVELS 



Footcandle 

Task or«,area' y • levels How measured- . 

Hallways or corridprs . . . . 10± 5 , Measured average, 

minimum 1 footcandle 
Work and circulation areas surrounding s 

workstations ..... . ..... .. 30 ± 5 Measured average 

Normal office work, such as reading and 

vyriting (on task only), store ihelves, ' . . " , 

and general display areas .' 50 ± 10 Measured at work station 

Prolonged office work which 'is somewhat 

difficujt\/ist>aljy (on task only) , .*. ... 75 ± 15 . Measured at woiik station 
Prolonged office work which is visually 

difficult and critical in nature (on .. 

task only) » . . > . . . . ..... 100 ±.20 Measured at work station 

SOURCE: Office of Conservation and Environment/ L/sf/7r/n^ ancy Thermal Operations 
(Washington, D.C.r federal Energy Administration, 1974h:p: 6. 
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to read and type at the lower illumination without troufc(le. The 
electricity consumption for lighting was consequently reduced from 5 
watts per square foot to 2.5 watts per square footi > . * 

' For more ' information on energy conservation opportunities in 
building- lighting systems, refer to Lighting and Thermal 'Operations 
(bibliography reference 18). The fpllowing contacts are also suggested: 

\. ^* Mr.' Frank Coda ' ^ - 

Illuminating Engineering Society 

3"45 East .47th Street' ^ ^ 

■ New York, New York 10017 
(212) 752-6800 ^ [ ' ^ 

Mr. Willard S. Cahill ' " 
Lamp Division 

General. Electric Corporation ^ * 

Nela Park-No. 4452 . 
Cleveland, Ohio 441 12 
; (216) 266-2207 ' ' 

Mr.. B. T. Gilmore ' 
Westinghouse Electric Corporation 
• Lamp Division 
. ^ 1 Westinghouse Plaza 
'n . Bloomfield, New Jersey 07003 

A comprehensive energy consenvatiori checklist for existing public Checklist 
buildings is p) resented below* Each jurisdiction must determine. for itself 
the appropriateness and potentfti effectiveness of each measure. Some 
measures vary according to.geographic area or climate. Others vary with 
respect to building. design and condftion.^Some cause secondary effects ' 
or interact with each other. Some of the^measures are new, while others 
may already be co veered .by local building and health codes. Pach 
jurisdiction should always seek the: opinion of a professional engineer or 
architect. « . - 

Operations . ^ - , v * . 

*• Heat, buildings to no more than 68° F in the winter Nvhen 
occupied; ^ . 

Heat.buMdings to no more than 60° F when unoccupied. 
Cool burWings to no less than 78° F'fe) the ^mmer when 
occupied, ^ ^- ' , 

0 • .Do not cool buildings in the summer when they are unoccupied. 
. . • Schedule morning start-up in the winter so that buildings are at 
63° F when occupants arrive and warm up to 68° over the first 
- hour. ' ; ^' ' i 

• Limit precooling start-up ^in. the morning to give buildingf; a. . 
temperature of 5° F less than the outdoor tenfperature, or 80° F, . 
whichever is higher. ^ ' 

• Close outdooi\ air dampers for the first hour of' occupancy - 
whenever outdoor air has to be either heated or cooled. 

• Close outdoor air dampers. ifor 'the last hour of occupancy 
" . whenever outdoor air has to be either heated or cooled,^ 

• Turn off heating or cooling 30' minutes before the end of the 
Q work day. • ' > • 



• 
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s ■ ' • ■ 

• Close outdoor air dampers for 10 minutes in eVery hour. This, 
however, may be, impractical if the task must be performed 

'■•■•m.anually. ' vj ^ 

• : AifoW^^^ r^^^^^ humidity to vary naturally bet^en 20 percent 
■ and 6S...per'cent. ' . . . 

• Use cool'hight aif to flush buil^ 
Light buildings.pnly^^^ 

• Turn off unnpedejcP lights if consistent with safetyxonsiderations. 

• Schedule .cleaning and maintenarvde for normal working hours or 
when daylight is available and sufficient for. this. task. . 

• Draw drapes over windows, or "Sfese thermal shutters when , 
daylight is not available and when the biiitding js unoccupied. 

• Use economizer- cycle whenever waste heat cannot* be used or 
. stored. , r^' T^- 

• Do hot start the building's ventilation fans until mid-moaning, 

• Shut off toilet exhaust systems where natural ventilation is,. 
..adequate'^for odor control. * ■ / 

• Reduce f.reshiai^r intake to building ventilation systems. \^ 

• Run air cbnditioning equiprnent only on reaHy. hot days; open 
windows for necessary cooling on other cfays, if possible, : 

• Ventilate storage and 'Utility spaces with, exhaust^yir-f^^ 
^eas Requiring a higher load of aifiteeshnes .-^^^ ? * . I'^'V 'f , 

Do not attempt, to- mainfai,h*;iji^Same com^ 
corridors as in offices. . ' ■ * 0:.' 

• .Ban snrioking J^,.pub|i.o;a^^^^ the aniou4t"-6^ 
Wntake can be red^ue*ed>'^ i^^^ , • , 

• Turn off lights, '^heat, and air conditioning, in storerooms arid 
, closets. 

• Remove* every third fluorescent lamp (and ballast) from ceiling 
fixtures and diminish light in hallways. to a minimum footcandle 
level, if consistent with safety and code&'r 
Close off^unoccupied spaces and turn off the heat. 

Maintenance Measures ' . 

• Maintain, equipnnent^properly to retain "as new^' efficiency. 

• Clean air filters on a regular maintenance schedule. 

• CleaTi light fixtures ai^d change lamps on a regular maintenance 
schedule to maintain desired lighting levels. 

• fmprove maintenance practices to prevent energy loss due to 
. 'leaks of steam and hot water/scale formation and corrosion, etc^ 

• -.Inspect, clean, and adjust boilei-s and heating furnaces at least 
• once a year to insure that they are operating at maximum^ 
. • efficiency. . * •! " - 

Educational Measures 

• Improve the operation of buildings through an operator educa- 
. tion program, 

• .Educate personnel to keep windows c^oscd when^the heating oi- 
air conditioning equipment is in service.. 

• Educate personnel to draw draperjes and blinds in* unoccupied 
rooms and offices. , * 
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Low-Cost Measures (Payback Within 2 Years) ' . 

• Install automatic door closers where appropriate. 

• Install pernianent or temporary storm windows in a . 

buildings. In some cases storm vyin'dows of glass (or plastic) may • . • 

be installed on the inside of the existing glass panels. This is , • 
practical for colder climates, primarily, V . ^ ' 

. • Weatherstrip and caulk all buildings. ' :. ^ ■; 

• Install exterior solar shading devices; ' . ^ . 

• Cover steam and hot water pipes wFth insulating material. 

Higher-Cost Measure:^ . . • , 



• - Convert large buildings to district heating. The energy savings are 
particularly , impressive when the steam is derived from power 
plant turbine generators. . ' * • 

' Construct vestibules at main entrances so there will be a double 
set of doors to^ prevent hot and cold air loss. 
The measures in^ this checklist were compiled by the Federal Energy 
Administration^ and' all inquiries pertaining to them should be directed 
to that agency : . 

Dr. IViaxine Savitz 

Federal Energy Administration 

Office of Energy Conservation and Environment ' 
, Ben Franklin Station 
; Washington, D C. 2046-1 ; . 
• .* (202)961-8665. ^ 
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'The latest analysis of:t)^e^^:p^j^ r^Veinue shari ng mop'^^i^^ti^is . ; , . V . 

that -state and local ^^ye/rifrients have channeled much of th^|^fiij^(J^-^'i^^^^^^ , . ■ ' 

into.capitif expenditures such as.new buildings. The large numb ' 
public^buildings now in the planmng stage presents a " " 

for incorporating energy conservation features into ^tK^^igns of these 

structures. Many of these features must be included j^ d|«^^ / ;^ 

nents since ttiey v^oujd b« difficult or impossible to;^^^^ 

buildings. New^ buildings also offer opportunities tp: apf^^y nev^ energy ' / 

technologies such as soJar energy equipment and te^t^l enqr^ systems^^ . ' . 

The potential payoffs are .much higher for ne<y gd:nstr%^n;than for 
existing buildinp. The American Institute; o^^^Archi«^^^ ' ^ 

■ Corporation estimates that the potenti^je'HeKgy^' s^^ 
designed new buildings may be as high aV^Q-pe 
. con-ventional buildings.^ ^ ^- ' 

The General Services Administration'^t;Sis^^ Federal Office Buildings Design • 

.'buildings-currently being designed for dbi^siw^ , . , . y 

Hampshire, and Saginaw, Michigan, -as^rt^ij^ ' : 

tipn buildings, These two buildings ^re^ti^l^riip^^ 
• various innovative- energy' conservation fS^fti^J^^ 
ipgs are being equipped v^ith the in^trumij^^ . ■ . 

■ energy; consumption performance. Alsb,^l^plG^ 
. .. various enepgy saving features will be evalu^<;^;/^1|^ 

oiFfer state and lo^a.l governments a chance^-^^^^^^^ 
. Gonservation. measures work in practice bef6^r^^p6)^^^^^^ 

^ dollars on similar ventures. Both 'buildings are ex^^ / 
by late 1975. Figure 5 shows an artist's conc^i)^^iDti';fpir;^^ " . ' . 

building. ' ' 

, These federal buildings -are expected to consurn^^i^^ ■ ' 

less energy than other buildings of' comparable^;-5r^4;;t^ . 
tiori.^'* Three general . conser^ion principles >V^iieV^.^)ii^^ 
_ designs:. ■ ' .. _ . ^ • '■ 'H^iVv^^^^ . .• ;• ■ ' ' 

Onfe large building is more energy efficient^li^ , ' ' 

sma:ller buildings. * -i-^^v. ^^ 

♦ Buildings should be as nearly square as pd^lble^jll^;^^^ 
minimize exterior wall exposure. * r 1- '^^ 





. :i -mil 





Figures. FEDERAU QFFICE BUILDING, SAGINAW, MICHIGAN. The large 
. . solar collectors will provide all the domestic hot water heating and up 
to 70 per cent of the space heating requirements of this building. 
. \y (CourtesyofU. S. General Services Administration) 



• Buildings should be so situated with respect to sun, wind, and, 
, topography .that the effects of heat and cold will be minimized. 

General features were adopted to reduce heat loss. The lowest office 
floors are. directly. over the basement to avoid floor exposure to outside 
. weather extremes. The thermal. conductivity-, of the wallsT^ first 
floors of these buildings is '0^06 BTUs pfery hbiif per; square foot per 
degree Fahrenheit' as opposed to-the normal ^0,24'■-^':0.T2^ln^^^a^^ the 
exterior wall mass is designed to be 100 poiirjds per. -square foot instead 
. of the normal 10. to 30 pounds per square foot ^for curtain wall 
-r^ * .'^■^-"■'i • r^- 'r^^< construction, in order to obtain optimum thermal performance. 

The 'outside 'air ventilating systems ernploy two innovations. Both 
■ -'^-^^B^^^^^^^^ ■ ■ " r^demonstration buildings will use etpfromizers (except when heat 

■ ^- recovery is employed) to regulate ventilation when the outside air 

temperature falls within a specified range. Economizers are ventilating' 
devices that use 'cool outdoor air to offset heat gains inside buildings. 
Also, variable volume boxes will b^ used to regulate air flo^w in branches' 
from the - main .distribution supply dudts. Variable volume systems 
operate at a constant temperature and regulate the amount of air- 
supplied to any. room or space in. accordance with its cooling 
requirements. 

. The heating and cooling systems are designed to demorT^trate several 
" tfeatures. In one buildirig, close d-loop water-to-aii' heat pumps (described 
in Chapter V) will transfer warmth or coolness from one building zqne to 
. another, as required. In both buildings waste heat generated during the' 
day will be stored in a large insulated hot water tank and used later at 
night for heating/ Still another innovation is the Qse of central-chillers at 
night, when the electric demand is relatively low, to generate chilled 
water and store- it* in an insulated tank for cooling the building during as 
next occupied period. . . 
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Domestic hpt water^and most of the space heating requirements are 
.expected to be met by utilizing solar energy. Both the Saginaw and 
Manchester office buildings will employ flat-plate solar collector systems. 

The principal window design features of these two buildings work to 
minimize the solar load dui^^g the summer and to maximtie it during the 
winter. The basic strateg^is to keep the number. of windows at a 
minimum and to utilize double glazing to minimize heat loss and 
infiltration. There will be no windows in the north walls of either 
building, and windows On the other three sides will be limited to no 
more than 15 percent of the wall areas. . , 

In addition to the use of converitibnal window shades, the buildings 
feature two kinds of architectural features Jor*^reening out direct 
summer sunlight-side fins , (vertical projections between Windows) and 
overhangs (horizontal (brojecnops between windows). Figure 6 illustrates 
a builAing Which* uses overhangs and side fins. 

Another method of reducing, undesired sojar transmission through 
windows is the use of heat-absorbing or reflecting glass and sunscreens, 
or a more recent innovation, reflectjve mejallic coating. This kind of 
glass can block out any desired amount'of solar light and heat. Combined 
wi^th double glazing, reflective metallic windows keep heat outside when 
cooling is desired. Reflective glas?^can reduce interior heat gain by as 
,much as SO^percent compared with clear glass. Although thcinitial cost 
is jJJmewhat higher than for regular glass, the reduction in cooling costs 



SUMMER SUN AT NOON 




WINTER SUN 
AT NOON 



SUN REFLECTED 



•r a, 

v. 



•/t^d'r®^^^-?^^^^ OVERHANG. Properly-sized overhangs above 

\? ^>^^Wth*fi*c^^^ provide shading from difect sunlight In the 

[^'i.ysl. ^be.sun Is th^n.-high ip the sky^ In /winter, however, 

^^w^^' .^'^r c Vyhea t^^ Is desired inside the building, the 

overhang .because the sun is then 
,v ''" i'^^^'^'^^^J^^^H^^^^ of Living Systems, Inc.; Winters/^ 
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' V , ' ■ ' ■• 'f. ■ . ■■■'*■■■■'.•' 

. ' , \ > can more than offset this^outlay. For exaniple; the designers^ of . 

• 7 Toledo Edison . Building found that use o^ chromium-coated dual-wall 
« insulating glass, which cost $ 122^,000 more than plate glass; permitted 

.*. * installation of a smaller heating-coolirig systeiTi; Instaflation of the 

/ • ' smaller unit saved $123,000* in investment and resulted jV| yearly 

■ ■ / , \ operating cost savings .of $40,000.^^ "Additional information regarding ;. 

, these bladings can be found in Energy Conservation Design Guidelines^ 
for Office. Bui/dings (see bibliography referent 

. Mr. M. S: Blackistone 
■ *, '■ .PLfbli.c Buildings Service • . . . " 

*- General Services Administration 
Eighteenth and F Streets, N.W. 
/ Washington, D.C. 20405 . • 

r (205)343-6117 

For more information concerjiing architects and consulting engineers * 
in your area, contact: ;* ■ 

* ■ : American Gonsulting'Engineers Council : - 

1155 Fifteenth St., N.W.: ' 
. . " * Washington, D.C. 20005. , . - 

. • , (202)296-1780 ' , ; ; ^ ■ ' 

One reason that so many buildings constructed by state and focal 
' ^ jurisdictions have not utilized avaijatile energy-conserving technologies is 
; . the emphasis on minimizing first costs implicit irj/^overnm^nt budgeting 

systems. Very often the building having lower construction cost uses 
' significantly more energy and consequently has a higher "total cost over 
its economic life {caJled* life-cycle cQSl) than a coniparable building 
. * • which is more expensive initially. To correct this situation and assure. 

. \ that energy costs are taken into account when government buildings are 

Jirst designed, several states (e.g^^ California,. Florida, New York, and 
* Washington) -have t>assed legislation requiring life-cycle cost analysis of 
all state-owned and assisted facilities jsee Appendix, B for sahiple 
• ' \ ft legislation). The U.S. Postal Service, Veterans Administration, and 

General Services Administration already require life-cycle costing df their 

. 'r ' ■ buildings. - . ■ • 

■ ■■ ■ . • ■ ■ ■ ■ ' ' ,. ■ • ■ • 

Solar Energy Applications' The largest energy-corisummg iFunction in buildi^ngs is heating and cooling ^ 

/ for comfort conditioning. Solar energy is the source that has the most 
. '> - . ^ immediate * potential for cutting down on the^mount pf^^^ 

needed to provide comfort^onditioning. Whileex^tlrigbuilding 
modified to utilize solar e'nergy, most experts agree that the required 
hardware can be- best integrated into new donstructipn. Solar energy is ; 
, , . no longer a faraway dream. but an idea whose tinrie has'come. The severe 

shoriage of fuels has created renewed public interest in this energy form 
and has greatly accelerated the development of solar energy technologies 
and, production of solar energy equipment. State and local governments 
are advised to consider incorporating solac energy equipment Irvto the 
design of new buildings for the follbv^ing reasons: 

• Solar, energy systems can significantly reduce the ^fossil fuel 
..' requirements for water heating and space heating. 

• Solar energy is the earth's most abundant energy source, and it is 
inexhaustible. • ' - . 

.• Solar heating can provide up to 80 percent o^ the enefgy^.-fot ... 
heatirigia Uyilding in a city such as Washington, b\C.^^ 
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" • Solar energy' utilization is:|&n^^^^^ 



'■• • Solar- energy can "be uri|ize|ljn;-rii'6st sections of the country-the 

■ : more severe the heating ■f^gU}i;|fnents; the more economical its 

■ •■ ■ ' . use be^jomes. ' ■ . ■. ■ .. • ■ ' . ' 
. • ; Solar kl-stems are beconimg. tbi^^^^^^^^ of the 

equipment will' soon be ■mQre;;thah'Tepaid in.fuel'savingsover the 

• life of the building; ' '''-y'^ 

• Utilization of solar energy irf public buildings can demonstrate 
the practicality of this source and result in a multiplier effect in. 
the private sector. • 

• ■ . ■ ■ ■ .. . ■ ■ . ■ 

This type of energy system .collect^.and stores radiant heat from thV. 
sun -for use 'in providing three buildi'hg ser\%es-water heatigg, space 
, heatirig, and eventually space cooling. All three apRlicatloi^ Employ a 
ftaf-jbfete solar, collector, a hear storage, and.an aM^:T«y:;heat suppW 
capability. • . ' '■' ""''r^y/.ii^ 

' . The collector intercepts and absorbs solar radiation.' wMh raises the 
. temperature of a fiuid-usually air, water, or some other heat transfer 
. liquid. The collector is fabricat?ed friim black metal- or glass, usually 
insulated underneath, and covered on top ..with one or more sheets of 
-window glass or plastic to reduce radiation.- The solar 'energy'trapp^d bn 
the black surface causes the temperature of the collector to rise. This 
l*at is removed by the circulating fluid which iV then piped into a hot 
water system to provide heat or into an absorption chiller to provide 
^copling. (Solar-powered cooling is not yet. sufficiently developed for 
commerciat application. However, some experts believe that the'&bsta-- 
cles to' widespread-use of solafrefrigeration will be overcomewithin five- 
years.) ' • 

Even ^n winter.days, up to 50 percent of the sun's energy can be 
recovered at; temperatures between 90° and' 130° F. However, overall' 
efficiencies ^f 10 to 20 percent are more com mOn when transport losses 
are accounted for: .Since solar radtation ts great'er when the receiving' 
surface is more nearly perpehdlcular to the sun's rays, the flat-piate 
collector .is. usually faced toward the equator and tilted. It has been 
determined that tilting the collector plate at an angle .^toual to the 
latitude plus 1Q...degrees provides optimal solar absorption, plviatfons of 
as much as,T5° from the soUth-facing orientation have little effect on- 
performande. ^ 

:^;he heat storag^^systern works by raising the. temperature of idert ' 
substances su.ch as water or rocks,, or by reversible chemical reactiorls. 
Most systems use water stored in a tank, usually in the basement.' A 
pump returns the water . to the collector When air is: the heat transfer - 
.medium, storage is provided: by bins of small rocks. Since the heat 
capacity of rocks is less than that of water, the vplume.of rocks required 
to 'Store an equivai.ent amount of heat is about -three times as great as 
that.of water. Heated air from the solar collector is circulated 'through 
the rocks by meansipf a blower, which returns the air to the collector for • 
1-eheating.. The maj6r prol?lems of heat storage by hot wate.r or rocks are 
the, large volume and weight and the cOst of tanks and thermal . 
insulation,. The maximurti tempei-ature achieved.is about 150° F. '.V 

' Several types of flat-plate solar collectors are being tested in 
residential, commercial, and, public buildings. The National Science 
Folindatioh, which has been, responsible fo> coordinating federal solar 
research and development, is how sponsoring^seyeral research projects to 
rn^z-r^^*. economics, feasibility, and effectiveness' itffvarious solar 
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collector systems/ Unfortuna^efyJ. thero^ is yiet.sufficie'nt e^^^^^ 

• with these technologies to permit a; et^r; qh^i^^^ one. cyyet^j^n^t^^ 
Nevertheless^ solar energy technology "^eafe 

PPG Infiustries recently became theptt^t: h^^^ U,S.. ; compariV^:";toV^ 
manufacture arid rnarket solar collect6r,:systerns on a nationwide^j^.a^js. 
The state of Indiana already -offers rdal estate tax deductions'^i^^^ ■ 
.encourage citizens- tq^^^e solar energy syste^ms,^*^ and yirginia,.;Qa^^^^^^^ 
fornia^^nd. ^''izona are cOTTsi4ering simil'^r tax incentives,^ ^.Three-^ol'^r,,^-' 
energy demonstration projects \v^ti-signi^%^ 
' local governments are discussed' below. " '^^^ ^/ ^ ; / 

The General Services ^A^fn^^ of f fee build i,r1g^project ■ 

..'in rS^ginaA^^^ ify:Q.- the^ building design, the latest, " 

sta&ijofltb solar energy technologies. A^ixjentioned/i^ / 
v.??^V^^ctf^^ heatifig and up to 7b;peiteft 

heatf^^ pro\>ided . by ^solar en^Cgv^iM^ 

''-^-';:. r^di^r is la^afn^efeii^ 

vv'/! ' Mr. IVi; S. Blackistgine ■ > "^H^^' ' ^ ;■ '''^ 

Public Buildings Siervice .. ''^j^'-^/.: ^-."-^ 

. /-General Services.Admjnistra-tion ^ " . i 

Eighteenth and F Streets, .N.W. v / -»^;: 

Washington, D.C;20405 ;v . : • 

, ; V. ■ (202)'343-^l jy ■ ■ . 

The National Science Foundation is sponsgring a, very interesting - 
•solar energy demonstration in four public scb<i.^1,s'^^^^ in Warrenton, 
- Vj/ginia; Boston, Massachusetts; Os^av;:J f^^ Baltimore . 

' County, Maryland. These solar energydpp^ 
^^'^nd cooling. The Maryland site was yi^i ted' obtain information. for this . 

\'^^M0he Timbriium Elementary SchoiJll^n Baltimore County provides a ; 

■"'iBbd case: study of the'application or solar energy to public building , 
. construction: Like many schools in the United States, it is basically a .. 
one-story constritctiori with window waU^ on one side of each room. The *V 
central classroonri wing of the'three-wing building was selQ,cted for^-the . 
. demonstration (see Figure 7). The central wing-i5^ heated -by a . 
conventional oil-fired boiler. Since the solar energy heating system uses . . 
hot vJater as a heat- transfer medium, a special hot water distribution 
system, as well as -special forced-air convection haters, --had to be .* 
/ iris tailed in the central wing. Buildings which already have, hot water; 
^ space conditioning systems can be more easily adapted to splarvspace 
; . conditioning, 'The.' major systeni coniponents:, are ,180 solar collector 
- ;. panels, a,. 1 5,00Q-gairon hbt/water storage tank, the hot water room. - 

. heating system, and automatic controls. An absorption chiller is being. • 
. < considered by the designer to. provfde solar-assisted air cond^tipnihg,.^; 
. ; dUring.the summier.. t \ ; ^V'';^ ■ 
:.' . The solar collector 'panels;are arranged in ten rows running east-\yest ;, 

• across the roof, which runs r^orth-soUth. Each panel has a 28-sqUare.-foot . 
y^urface which is tilted, at a*45° angle facing;south. A* steel support ' 

• -sti-ucture resting oh the present steel !1 '^bsams on the eas|,.and west ; - 
■->s?ides of the schoo[ -takes all wind and snow. Idads without piiXj^g j^ny^^ 

•■ :n add itipnal load on'H The panels consist^ of a blackerred . 

".. ''oalliminunri base covered \vitK two layers of High-strength glass. The glassi 
;. ' Jayers are separated vby an! atujninum honeycomb '.structure. Since the ! 
panels for this dernoristration. were constructed by hand, they vare 



■52 



NEWP^BLICBUILDINQS 




, . Figure 7. SOLAR COLiie^Tofe-'These solar collector pan^^iv|^^rt^ On:: - ';-:t 
• the Timonium Elementary. School In ealtirnbre Coijntw JV^Vrylarid, as ''-M 
----jjart-of a demonstration project sponsOred.by the NSF' Research 
■ " : • . Appfied to . National Needs (RANN) program. Panels are constructed 
■. from yackened aluminum and! glass.. (Cour^sy of AAI Corfjoration,' 
Baltimore, MaryJand) 1 ' 

: nali||fly . far more expensive than had they been wiass-prodMced.' The . 

. cost of materials -alone used for the panels was $1.8. per'siiuare foot; if ' 
•materials were ordered in sufficient quantities and mass production 
.techniques used, some experts estimate that producing panels may be -• 

.vreduced to as littlei^s.Mper square fopt.^' The:<i^ar collqctof panels are 
the major expepse in this systeni. (PPG Industries is about to ^market '• 
solar collector panels in the pricfe range, of |6;^o.$7;20 per squai^^f^cj^if ^ 
Figure 8. illustrates the basic operat.ibft,of:t.ii'e:'^q?im^ sola/yn:^rgy 

•system. .Gold.:\\yater*iFrom the -bottom" of the storagij' tanl<:;.is;pa^ 
the, collector panels. This vyfEter is heated by absorbiR^wllfeewfei^ly^^ 

•flpws between, the%lifriQifl^^ and glass. The water th^rSi^%;^^into-^^ 

. storage ^ tap i<, which is, I6fcat^a outside the vying. Hot wa|-er frpm%e'Wp- ' 

;^^i^til6;;itank'.!i5! pupipe^ to 'the. interior^ forced-air .cohvejttibii-M^ 
sys%;aiici. return s'^o 4 

cseRarate |oom,;ihe.i'mo^fat$: • Wm^Me storage ianl< temperature. fails" • 
.l)elpw::a,required jieaflhg level.jthe niain steam , heating , system is turned 
.on.autofnat(calf.y. to. supplenieirt tlie solar lieating syste,m; Jhe'autoftiatic 
•ciantrx^ls-.al^a-^tay when the'temperature of the collectpr ' ■ 

.janels;(js .1 ;F- hfgfter. than .the water at the> top of the tan k • .r- 
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8. HOW A SOLAR HEATITSIG SYSTEM WORKS;. This schematic 
- drawirrg.fhoovs how ^lar jpnergy is uised to heat lh School . 

shown in Figure 7. VVater is pumpfed from. the bottom of the insulated; 
'.. • . " water storage tank to the top pf the coli.ector panels. After passing . 

» "^ ^ , through the panels and, ab'Sorbing.thejr heat, it runs into the top of tKe 
tank. The schoolroom' is heate^ by conventional radiators, through *^ 
: : which hot water is circulated. ; (Courtesy of AAI Corporatiorf, *' 

Baltimore, Maryland) • ' * . 

■ : ^ ■ ' ..■ % . ■■. 'v ■• 

Th€ 15,000-gallon ' storage tank has sufficient capacity to heat the 
school for four (JIays .and nights when the sun is.not shining. :Most of. the 
heating load is at night when the lights are turned, off and the building is 
unoccupied. At nigh^r^d on weekends, the temperature is allowed to 
drop to '65° F. Heat comes on early enough^each school^^^^ to bring .the 
lierTip*4rature to 68° F by the time l^he students and teachers arrive. 

The, overall- energy efficiency of this, solar heating system ifc about 40 
percq.nt. This means (hat 46 percent, of the solar energy striking, the 
collectors can' be, delivered -as^eat to'thq classrooms. This'.efficiency can 
be ihiproved by -using glass wit^S better-trahsmission-emission characteris- 
tics. Still, the system^atisfies morel'than half of the heating requiremerxts 
^ven in winter months, as shown be.low:^^ ; . ' V 

\NbVenriber : . . . . . .l. . ... . t-. ! . . 



,.'Be.(5eniber 
fl^uary . 
*. February* 
"'March ... 



105%.: 
50% 
42?^o. 
.94% 
160%. 



• , VThe Jimohiunri 'schoQl demonstration is significant to. stite and local 
governments .beg^use it shoves the* tech'ni'cal feasibility, of retrofitting an • 
existing public building for solar energy utilization in a relatively short 
time-^two moQtKs from- design to operation. , 
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Another innovative'project is a munijcipally endorsed demonstration" 
in Colorado Springs, Colorado. This' .demonstratjoh^is intended, to 
promote solar energy use ^in. private homes. Colorado Springs began to 
search- for an alternate energy ^sourc^ 'when the natural gas supply used 
for heating homes in the region became severely restricted.. Because the 
gaj. consumption hate .began to exceed the capacity of known gas 
'^'reserves, »he gas utility, which .is/- owned .by the city, declared a' 
moratorium oii^'ilew gas connectiorts, ' ; 

"To enable the' (^ommuni^ty-'.to continue building homes, the local 
goverrrment, the mayor, the': fejQiorado Hb^e Builders Association, the 
American Institute of Architects, and 'interested ci:ifi6n,s from a variety^- 
of organizations! 'agreed to prbmot? a solar e,r]|r§y demonstration. The* 
city^of Colorado Springs^/.helped t^ nonprofit Phoenix 

Cprpofation tOi ^pon construction. of ^> solar-heated hbme (spe 

; FfgiirerQ).. This i$ the first iftstance of direct municipal involvement in the 
"i-.sporfscu-ship of a s*ar enefgy deni ... ^. . . 
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Figure 9.: SOLAh HOUSE.^This solar house, which has solar collector panels in the roof, was bmltlDy the Phoenrx. 
• • ^ Corpoifatiqn,^]J|| Corporation is a nonprofit entity established in Colorado Springs/Colorado, by a gr^up' 
^ ; of mteresW.q^^^^^^^ the ehcouragement and 5upport of the city government. Fitia<=?cial support for 
> • . : the insfrMrttpiiii^n of the ^olar. Syst'ern and data^ analysis is being provided through NSF's Research' 
» Applied to National -Needs (RANN) ipro|ram. .(Ca«rt|5y^f Pboefrlx of Colorado Springs, Inj^K ' ' 
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' The dem^pstr^fion* house, is a two-story'striJ^ure with 2,200 square 

* feci -of fftor space'. The solar Keating system corisists of a flat-plate 
♦coll*ector which is integrated into the rooT structure and .a hot water 
» storage^ank^ It uses a- heat-transfer medium called DowtKerm 'j .in 
^ djijtilfed. water to transfer , heat. from the"'collectors to th^'^storage tank. 

D^owtTierm ]js a^noncorfpsive heat transfer fluid with excellent stability^ 
^m 'IJJbO^ F to 575^ F? An air-to-air heat pump supplements the soUfr' 
'heating sys^tem and^rc^vides coQiing in the summer. ' 

* Tj||j|||p6nrwriercially fabricatjed aluminum collector^plates, whTch make-, 
'up ojie side of'the roof, are covered with two stieets.of tempered glass. 
GiSzing framed for^ the* collectors are built locally. The aluminu^jn plates* 
are separated l^qm the interior of the roof by three inches of fiberglass 
Jnsulaticm. The collectors cost $3.88 per square foot to bui^,. which is 
'less expensive than self-contained collectors., 

Phoenrx of Colorado Springs, Inc., has the cooperation ofjocal 
banks, home builders'^associations, the American Institute of Architects, 
any 'the,, National Society bf Pr9fessional Engineers. .It is*sponsoring 
^^programs to fosjer .consumer acceptance of solar honnSk as well as to 

• .examinee the legal inip-lications and econoni^ics of solar heating. Insurance 
companies and mortgage-institutions are being educated in ordertogain' 
their acceptance of solarheateti hdmes. ' " 

The Colorado Springs demonstration is significant for 'two reasons. 
^First, it is an outstanding example of Ipcal governmental action to ease a' 
\public hardship caused by the energy shortage, and second, it shows the- 
'extentUo which the private sector must become involved in order to 
>m^ke solar energy a reality^^r 

the Js|atlonal Science Foundation's R ANN program is sponsoring a 
depion^tratldmof.a cornbinciQl solar heating apd . poling System -inrSanta 
Claraj California: Thj$ demonstration involves the design of a sOlar 
collector'^lsyst^m ;whfch is to prcjyide 75 percent of the heating and . 
cooling requirements of' the neWly designed 27,000-square-foot Santa 
Clara Community Center^Auxiliary energy will be supplied by a gas-fired 
' boiler^ . ^ * ' 

The' solar coljectpj^j^ea is 6,500 square fett. The 'cooling syste^fi 
consists of three 25-t6n ahtsorption water chillers, which are, operated 
directly by.using heated water (at 230° F) from the collectors. In ^he 
summer the chilled water is stored in a 50,000-gallon insulted tank and 
"circulated throiJgh fan-coil heat exchanger units^tfcroughout the building 
when copling is desired. During the heating season, hot water is stored in 
•a 10,000-gallon thermal reservoir and pumped through theTan-coil units. 
as'requTred. The Santa Clara Center is to have automa.^ica|Ly controlletf 
punfips and flow, dividing valves' so that the^system can^ provide heating 
and coofipg to differents parts pf the. building simultaneously. SolXr 
energy;^upplied by the eollector will furni$h 65 percent of the energy 
demar^ at '/maximum'.* summer conditions and 84-percent of tl^e^annual 
heating and hcjt ^vater needs of the community center. ^ 

For more specific iiVfo/tnatipn on 'the applications of solar energy to, 
publjc buifdings as wiell as' to residences, contact: . /h 
.'■'-*■• • ' •* 

Mr., Raymond H. Fields . . 

. .. Directof,,PuJ;^ic Technology Projects '• 

■ National Science Foundation' ' ' ^ , ^ _ ' " 

180p-G Street, N.W. i '. ■ , 

. Washington, D.C. 20550 . • - - 
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■ Mr. R. RAewcKuk/Project Manager . 
. Glass Division New Project Dcveloprrient 
*PPG IndustrlesJncorpCrated *r - . 
1 Gateway Center • ^ • r 

Pittsburgh, Pennsylvania 15222 
(412)434-2645 ; " ; *. 

• . A; A. I. Corporation * , . . , 

P:0.,Box 6767 ' ; : • ' ; . 

Baltimore, Maryland 21204 *' . . , 

(301)666-1400 ■ ' y ' , * > ; 

Mr. John Mockovciak, Jr;, P.E". : . ; 

Deputy Director, Energy Program^ \^ , > 

Energy Systems Division • 

Gru'mrnan Aerospace Corporation <^ 

• Plant#3;0 

Bethj^age, New York 11714 ' 
' (516)575:3785 • • . - : 

Solar Heating and Cooling Demonstration Project " ■ 
U.S. Department of Housing and Urban- Development ■ 
. Room^l58 ^ ' 
Washingtprt, D:C: 2041C) / ■ ; 

• Phoenix oP;Coloradd Springs, Inc. (The Phoenix Corporation) 
; 3020 N; El Pi^o" 

;P.O. Box 7240, > • '. . - .• . ; 

, CQjorado Springs- Colorado 80933 
. (303)633-2633. f. " ■ ' 

The"Sb)ar Heating i^id Cooling Demonstratipn Act . of 1974 (Public 

"^aw 93-409) appropriated $5amillion over the next five years to provide 
for the development and" demonstration of solar heating systems for use 
in residential dwellings and: commercial buildings. The Vovisions of thi^^^ 
act, which is to l*xpedite the widespread cgmmeVeial application of solar 
Keating and cooling technologies, will be administered by the National 

•Aeronautics and Space Administration/ the Department of 'Housing- and" 
Urban Developmenty the Department of Defense, arid the National 
Bureau of Standards: «v * 

Solar energy seems to offer- promise as ari alternative energy source 
available in the near ter.m. Nevertheless, the: potential user is well-^^ 
to wieigh both "the advantages and disadvantages, there- are several 
disadvantages. First, 'the - ini^tral costs are higher than for- conventioinal 
heating' and tool ip^ systems. These ".extra'^ costs include the solar 
collectors*^ storage tank, pjumbing, pumps, and^ installation. Second, an 
alternative e^nergy source such as gas, oil; or electricity is required to 
back, up the solar conditioning syste-m ^Avhen an extended period of 

'^cloudy jveather exhaush^'the' storage .ci^acity. This alternate system 
involves additional eqliipfnent,: material, and^ installation costSS'Third, 

.sola4 energy systems could po^sihly/require" building code and land use 
zoriin^^ch^nges. Zoning ^changes would be required, for instance, to 

• protect the sun space of a building fram' shading by other buildings. This' 
could present a difficult problem for central ^business district. Foiirth, 
solar energy hardware represents Vela'tively new' technologies and, 
consequently, component servige lifetimes are not yet known. Also, 
servicing could^be a problem. Fifth, solar cdllectors may cause structural 
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design and aesthetic problems. Professional architectural or engineering 
, ' . ■ services are required. ^ " 

Additional research and development is now being sponsored by the 
. National Science Foun4ation and the U.S.' Department of Housing and 
Urban Development to overcome some of these obstacles to the 
widespread use ofsolar heating systems. 

LocalizedlrPower Generation Installing spjar energy devices is one way of supplementing the use of 

fossil fuels for hot water and space heating and cooling, but utilization of 
- ^ the most efficient sources of electrical pov/er must also be a major 

planning con;?ideration. State, county, and city governments should look 
. / . ' into the economics of localized power generation for meeting the 

\ ejectriclty heeds of large public 'and institutional* buildings, particula 

■ those Jhat may be located some'distance froni a central pow^r. station. 
Localized generation simply means. on-site electric power generation for 
« a particular building or cluster of buildings. •One method of providing 

■ ; ^ : ♦ . localized power generation "that is more energy-efficient than conven- 

' ■ tional fossil-fuef plants is through .utilization of a total energy, system 

. ' « \. ^see Figure 10). 

' -^y"'.. 'K . A total energy system provides electrical power, hot water heating, 

* . , ^ and 'air conditioning by recovering waste beat from the electric generat- 

;>v^ ing plant Jn a gas-turbine generator plant, the exhaust gase?Xass through 
* , / a waste heat boiler/which' extracts their energy to heat water or to 

•produce steam at low or medium pjessures. In a gasoline or diesel-engine 
/ . ; , ..-^ generating plant, both the engine-jacket cooling water and hot exhaust 
. ' . . . gases pass through^ heat exchanger which heats water or produces low-. 

■ ■ ; . ^ V .pressure steani. In this way, total energy systems are capable of extract- 
; ■ ■ • * ing over 60 percent of the potentially availabfe energy from.fuel, whereas 

' . " I ^ standard electric generation plants extrac.t only 40 percent atv^ 

. J . ■ V ^ Total energy plants are best 'suited for meeting energy needs at loca- 

. < V tions" relatively far removed frQm a central power station where the 

energy demand, is relatively constant. The heating,;. cooling, and electric- 
" . : ■ . v.: • ■ ' ity requirement of the buildings served by total erjergy systems must be 

well-balanced^ -both in quantity and time. Maintenance costs per ki|6watt 
. - hour are generally highfer^for this type of plantj- but if the choice is 

. ; T ; between expanding ceYitral plant capacity or constructing a 

■ ■ : . ' . ■ plant, the latter usually represents a smaller capital l.rtvestment. 

■ ' \ , . , . Southern California EdTson Jjias successfully irkegra^ted total energy 

^ - systems into its regional power network. The eiectric utility compariy 
■■■ . ^ ; installs, operates, and maintains total energy plant^^ for selected cu^- 

■ ■ t.omers. Th^se customers use the hot water and steam produced by tfe 
• . ■ ■. total en&rgy power plant for domestic hbl water,'%ace heating,; ^^-^ 

^ - ■ space .^cooling^ (For cooling, the steam or hot water >f jjsed to powfer 

chillers.) Electric power deficiencies or excesses ?iX^^;hi\^\yctA by' xS\^ 
. regional power network. This arrangenrient solves maiij;^^^ 
' ' tfor the customer. . . . 

Jersey Gity, New Jersey, is operating a. large-scale total •energy facility 
. with funding from the U.S. Depjfrtment of Housingand ^ 

ment. This plant serves a complix of five apartrnent buildings,,an office 
' buil^ingv and an elementary school. Electric power, space .heating, air 
■., . conditioning, .and domestic hot water are provided by tha plant.. The 

• complc)J4s connected to the utility network of the Public ^'^^rvice Elec- 
^ • trie and 'das Company only for emergency power. Supplementary b^ 
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Figure 10. CONVENTIONAL VS. TOTAL ENERGY POWER GENERATION. This iliustration compares 
. r- . ; Of dehvering.electric power to a building-by a conventional central povyer station with transmission lines 
' and^ by a total energy system. The total energy system has over twice' the energy utilization efficiency 
because most of the "waste heat" from the engine generators is recovered for use in heating and cooling 
the building. In central station povver systems, generation losses as well as transmissi7)n and distribution 
losses are not recovered. (Courtesy of U.S. Department of Housing apd Urban Pevelopment) 

provide hot water vvhen the electric power dem 

little waste Heat is generated. ' • 

The major components of the total energy plant are five diesel >; • 

engine-driven generators^. eacK with heat recovery mufflers and heat ex- V 
changers, two supplementary boilers, and two absorption .chillers. The ' V 

diesel engines burn #2 low-sulfur oil so there is no need for pollution- ' 

control equipment. The five generators together have a peak capacity of ' V^; ' 

three megawatts. One of the generators is.intertde'b-as a standby: 

A total- energy plant compares favorably with converitional power ^ ... 
•and heating plants. As stated above, in a total energy plant, over 60. . 
percent of. the energy input can be utilized as either electricity, heat, or 
cooling. The electric p6wer output of a conventional twwer plant is at 
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best 40 percent of the energy. input, Conventiqha! heating plants gener- 
. . ally haVfe peak efficienciiis. of 'about 70 to 80 percent. Cost comparisons 
.are difficult' to make between total energy plants and conventional elec- 
tric power or heating plants,. However, in the Jersey. City plant it is 
believed that the cost of electricity, heating, and cooting is consitferably" 
less than would have beep the cSse if thjsse energy needs had been met 
through the'electric utility and a separate heating plant. / 

Total energy systems become viable alternatives when four condi-. 
: -ti^ns are presentf-first, when a' single developer or public agency- 
-,. f^b^r\iu^^ large high-density housing development 

. ^/^'r^^ y i6r difficulties.arCi;gncounte;:e4^ 
■:*?»;v\>^ or in expanding exisitng stations;- 

-^.i^ stable balance exists among demands for 

^^;i^felectri]City^ fourth i^hen air conditionirig^^ces a 

• heavy djgfn^a^^ pea^HiOurs.M"he 
;. primar^^'df^jg^i^^^^ sy$t:e,i^^-is that they 

■ generally JiU,rn:'oii/-^^^ For m.ore specific 

inforiration pn total ener;gy,^;y%^^ 

\ 'Mr. Jerry Leighton ' 
. . : . Division of Community Development Research 

. .U;iS. Department of Housing arid Urban. Development 
•45*1 -7th Street, S.W.. 

Washington, D,C, 20410 ' ' \ : V 

- " . . (202)755-6878 . . * ■ 

■ . Gamze-Korbbkin-Caloger, Inc. ; , 

' ' ■ 205 West Wacker Drive ■ ■ . : ■ ' ^= ; 

- : Chicago, llljndis 60^06 

; , / (31 2)6.41 -59'88 ' / ' . : : : i;. 

Giecklist '. Most of the eriei;gy conservation measures presented below w^re com- 
piled by the pffice of Energy Conservation of the Federal/. Energy 
Administration and^ublished in the Congressiondl Retard on October 
30, 1973. Others ar^ recommendations contained In^^er^X Co;7serv^c7^^^ 
tton Design 'Guideline for Office Buildings issued by the General Serv- 
ices Adn]inistration,'^ Again, the effectiveness of any one measure will 
depend^ on The. bi4il ding type, [size, intended use, climatic region, and 
other, factors. Architects and consulting engineers must assess^ the appro- 
priateness of each measure in the process of. planning and designing new: 
bui-ldings. ' . " - - 

Initial Design Considerations . ' . 

• Orient buildings so as ;to minimize solar heat load in the summer 
, and exposure to cold winds inthe.winter. 

• Ori^t rectangular bi>Wings so as to optimize the window area 
e>^osed to solar radiation (maximize or minimize depending on 
regional climate). ' 

• Build partially below gracl\3. and employ earth berms to reduce 
solar loads and transmission, losses, • ■ . 

• Orient new buildings to, take advantage of existing buildings and 
. trees as shields against, excessive solar heat gain in the summer 

and cold wind in the vi'inter:' 
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• Desfgn solar shades, side firis, balconies, overharigs,^^^^^^^^^^^ 
louvers, or awnings over windows facing south or Wes,t: t&^ 
summertime shading. 

• Pla#t deciduous !trees and vines on the south and: wes^^^^^^^^^^ 
buildings. to.provide protective shade against sumirntr;sijrj^':^;^^^^ 

• - Design, buildings for multiple uses: For ex amp I e^-^^^^^^^ 

could, serve as a school, during the day, a commuriity i^e^^^^^ 
center at night, a synagogue on Saturday, and a.:chur# 
day. * '■ . ' '}Cy;:r::^'::'l:_^i: 

• • Establish , maximum energy consumption valu^\(p; fiTU^^^^^^^ 
; sqCiare foot of floor space, . • ■'' 'v^:'^^'^^'^^ 

• Design . heating and cooling systems to '^ir^arn^^^^^ 
conditions for all but the 5 percent of the tim'^' d^y^^^^^^^ 

• .weather .exceeds design conditions*- (2.5 pe/ceht'(: 1^^^^ ■ 

common'design limit. This has resulted in: 'doslgniK^^^ 
. excessive size an(^ lower effiijjency!*)^^:^:-^ ' ^i' • w^f.^''^^^^ 

• Have the building architect hel^ sefeV t.li^.-siie; btte^^^^^ 
' - 'it. ■■ "• ^ ' .,{^^^^^^^^^ ■ 

• Design new .buildingS;^witiij:;'Q|i!e;ra^ wirtdqw^ or ,. 
mean^. .so-^tljij^ ^^m^r^l^ -veHl^li c?ri/^ jt)e:'ijs^ 

'•':y<:6m^^ i^^^^^^^y^ato'weat^ 
•■:^-iJp-'tlil&^^t^ 

* north wall wtitre no'sol&r heating gain cart ^ 

In ahe. South, put the fe>Njest' nOniber ,Qf:;:W^ 

and west Avails to rpd^cc- the -summer so^ar;.heatl6iijcl^^^ ^ 

• Orient roof surfaces'jo the south. so^'thatisd^^^ 

; added to the building. . ' 7^ :'rU-;V^ . 

• Do npt install ekctnic^ .nesistince"' he^tl:ng ':or^^^ 
: furnaces" or *l>oiler^'in^neAv:vi?^iij^ 

with 'sufficient capacity pass N^ithi 6PGi>icti;^-l:'- ^\i :i 

• , Bill organisational Unj'tsVfo'r^^ 

water, ancl air 'corKiitioning ;;they use-;;TFh]$;''\^^^ 
' utility metering.; " . . ■ ■'y/:'^ , ■. l'^?:'^^ ■ . ' 

• In^t^fll heatipg-v^ntilating-air conditi^^^ 

\he;at recover^ technology.: .Th^ ini:]iid^;:i^^ efectro-; 
hydronic.(cl6s.ed-lobp/wate^ \ 

• " Use modular bpilers;insteaB.of'"a Sing^^ . 

full load rn^re of the t^mevSmgdu^^ 
than a.sin^Ie li^e boiJer:6^?^eratm 

• - Reduce piping^friction . and. * pum:pmg ;;fjb^w^^^ ■ r<^qu{remeni:s by 

using gerterouslusized .lines; * ^ ^'7:,- 'V 

» Reduce dijct Ic^ses^and fan>^owe;f';^^^^^ use of 

large ductwork and variable .^ir • 

• Exhaust the .heat;'i.nd n:ioi's;u . 
■ laundries directly; to- the;;:ojJ^tside^^ by 

using double-ducr sysVjTTS'- remove 
moisture generated'rather.fh^ inside :c^^ 

• . Situate buildings;so thatVpatura|^scm^^^^ from- 

the wind on the noft-h pr y/.g^^^^ . 

• Require central hea'tin^ and ;c4^ for new buildings, 
■ sincTe central systems ar;^:;mb.reV$fficient.n individual units. 

. Avoid terminal reheat systems Un I e^ is used in the ; 

reheat loop. While they provide good humidity'^ control in air 
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conditioned^ buildings, they consume fossil fuels during the 
cooling cycle. - ... 

• Select hot water healers, with high efficiency and insulation 
having high thermal resistance (R value). , 
Design buildings to make maximum use of natikal Ifght year- 
round, consistent with efforts to reduce, heat flow tfiroug^ 
v^indows. v . : * ^^^^-'^ 
Design 'fixtures for one large bulb rath&r .than* several snrV^ij'^ti* 

^.&;v^ opes. : . .. , • 

^Choose fluorescent rather'tharrincandescent lamps. 

• Use fluorescent fixtures with long bulbs since these are- more" 
efficiehMh^n:^^^^ bulbs. ' > 

• Avt^;|;^i^;;jj^ energy.-inefficient .'ilon§-life'* incandescerif 
lanips/Check'the^'^Mumens per watt'V rating:^ 

, •, Use. lighter colors, for walls/ rugSj^,;draperies, and tufniture to 
, '- reduce the amount of artificial' ligtvting required.; ^ .. . • 

• Cut down the lighting in garages and parkingrlots to an extent 
compatible with security. ' \\' , 

' '* •vM.ii<:^ glass havinYde^ired heat-refr®Gting or. 

■ heat-al5rWrBlng^*c^^^^^ 

Weatherstrip ahd^caijik; fw^^^ infiltration J.s contributing tO'. 

heat loss (or adding to the codling load in the. sdlnmer): , • ' 

• Install demand limiters to reduce the'p.eak.eFie.dtrie load. Jf this." 
were done by all large power users, the electrid utjiity. could' 
reduce the use. of inefficient peaking units. > - 

• Install power-factor correction equipment, .This Js particularly 
N important* when electric" motor^,. consume a. significant portion of 

' ■ the e|fettric energy ih a buildiag' ./ -V : 

• ■•.Install ■tontrol^ plant automatica^^^ 

mbfnihg and shut it down at night/ with timers^. adjusted 
automatically in response.to outside air temperature;:/.-' : . 

■ ^ . . . 

Moderate-Cost Measures (5-Year Payback) ' ; : 

• Provide a separate temperature control zorie"f0r each office . if 
the building is electrically heated. 

• Employ heating and cooling energy storage systems to reduce 
peak demands and improve overall efficiency. 

• install solar hot water heaters, to lighten the load on electric or 
'gas-fired hot water heaters. . .'. 

• Design buildings with. a vestibule or second set of doors at lobby 
entrances tV) reduce loss of heated or cooled air:^ 

^ • Use natural draft cooling towers in lieu of mechanical draft 
. towers*. 



PUBLrC VEHICLE 
FLEET MANAGEMENTS 

Next to.tjie operation ao^;jna\ntendnce of public build ing^^^^^^^^^^^ 
potehtial for . energy corfs^rvatibn in state and local goycfn^fetit lies in 
fleet management. State and local governments operate -^^p^pTOX 
' half a million automobiles, a million. trucks, and 2OO,0O'6^-b.us^^^^^ a 
; l,^rge number of miscellaneous other' rolling stock. ^^ -iThes^^^^^^^^^^ 
.. consume appraximately 1 .5 bill[on gallons of gasol ipe and di6se|.fuel per 
ye^r^.Thi^i:.;^^^^^ activity for emphasils. because it/A^^Ss public^ 

fle^^opet^triy^ rnP5t:^ffected by the recent:Tye] shqh^e^^^^^ 

Tllis^-^ctian^o public, fl^^ f^ is .(divided intO; f(^ur\sut^ 

ti(^rts^y(2;fticle oper^ .niaintenance, vehicle mtidification'^l^ 

jtpiaWfneni, and a comp)^eVisjv$.f^ checklist. . 

Many cbmnion-sense measures can be taken *tb conserve fuef in public: 
fleet operati;ons. Several' matt'ers io investigate are operator training, 
Sjervicing, vehicle routing, vehicle ^^j^^^^^^^ allocation. 

. The vehicle pperator should be trained to be conscious of fuel 
economy. Minor eccentricities such as tapping the: gas pedal can reduce 
■ fuel economy. .Driving with a steady foot is one\;o.f the best ^ to 
conserve fuel.' The driver should maintain a steady.'speed for as long as 
traffic conditions permit because .varying speed by five miles per hour 
can reduce fuel economy by as ^ch as 9 percent.^"* Also, operators 
should never gun a vehicle's engine to warm it up, since the automatic 
choke feeds an extrS-rich fu£l mixture. to the carburetor if the engine is 
cold: . Running a cojd engine at too high . 'a speed is also extremely 
damaging to the engine. 

It is important to:apcererate gradually from a stop, since "jackrabbit** 
starts can increase gasoline consumption by as much as 18 percept. High 
speeds should also be avoided; driving 70 miles per hour can use about. 
22 percent nhore gasoline per mile than driving at 50 miles per hour.^;*^ 
The driver should not l^ave the engine idling when the vehicle is parked, 
(except for diesel engines which should Be idled for several minutes. In 
fact, engines should be turned off. whenever the vehicle will be 
motionless for one minute or longer. One minute of idling uses more fuel 
than it takes to restart the engine. Air conditioners should not be used 
unless absolutely needed. A car air condjtioner drains enough, engine 
power to use alrriost ope-and-a-half gallons elf gasoline in each tankfut. 
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■ The veblcje operator "should also be' trained to follow certain; 
c&riservatfpn measures along , with regular servicing* The. operator should 
assure' that tires are k'ept fully inflated because the dfag caused by 
^underinflated t,ires can result in d decline . in fi^el economy of 6 
percent.^*' Some tjre manufacturers recommend inflating tires by'^boUl 
four pounds 6ver the normal inflation level.(n-ot to exceed;the inflation- 
Jimil,;which is usually 32 psi for passehger>chicles). The Operator shdiija. 
'assure that the ve^jiicle is filled with the octSne-rated fuel, recommended" 
by the manufactdf^ for q|>timal gasolin^ economy. Also, the operator 
should be sure that the tartk. is' not filled to. the point of overflowing. 
Finally, The operator can save some fuel by removing extra;weight— each^ 
1 00 pounds of weig%jcduces ga^pline mileage by abodj-jv^^^ miles per 
gallon.-^'' ■ % • ^' ^M'';:!^^::-^^ 

The vehicle dispatSKi^f^lfiould assure that the ^^je^/y^ffi^ 
^for each job assignfVi^tv'i^ jobs should be 'eom^inec^:-^^ 
-y^•small, lightwei^^^ should be used for in^p^Gfipn^ 

'.JViptor scooters and^eVen bicy.cles.are appropriate-f^tjiome sho trips, 
■\Trinsfer trailers sKould; be considered'fbr long-haul refuse disposal runs 
'provided that a.systern pf transfer stations an'd Trailers is determined to 
be m6re:ecpnpmical than direct haul by^i-Hrfuse collection truck. Short 
trips, gener-ally qpnsume more- fi^ longer trips because .a ' 

■cold engine gets pporer fuel ecpnpmy. In a test conducted by the Motor 
Vehicle Manufacturers Association, a vehicle started cold and driven four , 
mrlds. averaged eight miles per gallon. The same vehicle started cold and;' 
driven, l.-S^miles avejaged .1 1 miles per gallon.^'" Thus, local governments' 
should consider ■ c.ombi ning inspifection functions such as building cpde 
ancf fire preventipn inspections. ''Finally, : local governments should- 
consider the use pf vehicle rpLiting programs' to- elimiriate unnecessary 
: 'distance traveled . for jobs such*^s refuse collection, street sweeping, 
^library bookmobile services/ arid sthool bus services/ • 

'Public Technology., Inc., is developing a .Refuse Vehicle Districting 
' Program and Routing Procedure designed to minirpize the total distance 
traveled by refuse, collection vehicles. The user, determines the total 
number of collection di'stricts into, which he desires to divide "the 
jurisdiction. U^ing infbrniation obtained from a. road map-a•nd.popu|a- 
. tion distribution data, the Refuse Vehicle . Districting Prograrn (a 
computer program) determijies the configuration of the most compact 
set. of collection districts.. Assigning one truek. to each district will, 
equalize the work load among all collection trucks. Once collection 
districts are determined, the routing procedure is iJsed for selectingThe 
best . route to cover .all the -streets within each district. Routes 'are 
constructed by using a . simple manual procedure that -eliminates 
unnecessary retracing. Thus, the length pf each xollection route is. 
gn'inimized. A training program j*s being , de\ieloped to assist local 
government personnel ip using the Dist^ricting Program, and Rou'tirig, 
.technique; Figure 11 illustrates one type of vehicle routing pattern. ' ' 

International Business Machines Corporation has developed a Vehicle, 
scheduling program that can be used to determine routes arid schedules! 
.fpr 'School t)uses. The program analyzes a network, representing the 
potential calling points, by computing .either, actual or apprpxima^e 
distances between all. points.. It thep produces schedules that meet 
various restrictions, such ^s route tirne', speed,, arid vehicle capacity. The 
prograni*' then combines' service points 'into routes that minimize total. 
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Figure IT. COLLECTION VEl4lCL£ ROUTING. The objective of improved 
. * vehicle routing is to minimize travel distance and. delay times for a ; 
■ "collection" vehicle such as a school bus or refuse truck, thus using 
less gasolirie or diesel fuel. . In the routing pattern illustrated above, 
collection made^.from both sides of a one-way street -during the , 
pass.. For wi^e or bli.sy one-way stredts/lt is. necessary to loop back • 
to the upper' end and^make a straight pass down th^ other, side. 
(Courtesy of U.S. Ehvirohmental Protection Agency) : 

travel distance.. For more irifbrmation about the Vehicle Scheduling 
Program Extended, contact: . . . 

Mr,. Robert Kennedy ' . o - ] 

. . Internatibnal Business Machines GorpDration 
,/. Cross Industry'Support Center . ' ' V * "V 

j 1133 iWestchester Ave. - 

* White.Plains,^^, ^10604- 

(914)696-370Q . ^ 

. State/and local-governments shbuici prep:are contingency allocation 
plans for brpth gasoline and diesel fuels. In additionrTsSveral jurisdictions 
have fpund it desirable to' centralize all fueY purchasing, and distribution 
under one department such as financev punchasing,;or general services. 
Fuel consumptipn records should, be maintained for each vehicle and by 
each^department pr function (see Figure 12). The information/equired 
for calculating' fubl/eeo'nomy for each vehicle can easily b'e obtained at 
the pump;. \yelUmaintaihed fuel management, records can aid .in. the 
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GAS AND OIL RECORD 

D^ReAU. OF MUNICIPAL EQUPMCNT . 
' . . Clly of Milwaukee " . , 



Location . 
5 Date _ 



Form ME-S 



PLEASE 
WRITE 
[LEGIBLY 



VSTARTING ' 
INVENTORY, 



Equip, No. ~ 



STICK 



MOTOR 
• FUEL 



GASOLINE 5* 



Gals» 



RECEIPtS 



Ending ■ 
Meter 



Beginning 
Meter 4. 



Total Disbursed 



M^T^R 
READING 



STICK 



DIESEL FUEL 



Gql^, 



METER 
READIKG 



'^1 



. OIL 



^.MOTOR OIL 



.Qt..- 



METER 
READING 



mj OIL 



Qtt. 



■ METER 
READING 



'AUTO, 
TRANS 
, FLUID 



-ANTI 
FREEZE 



Qt.. 



TIME 
ISSUED 



METROPOtlTAN l^ADE COUNTY 



MOBILE EQUIPMENT 



SERVICE STATION ISSUES 
THIS TICKET WIU BE DATA PROCESSEDI, , 
AU IMFO, MUST BE COMPLETE: CORRECT A LEGIBLi. 



bATE 




AMOUNT . UNIT- 



GoU, Gowlifte - Reg. 



Oolt. Gow)lif».» Pr»m.. 



Gok. DieierFutft- 



Mblor Oil ' SAE 



Lbi.. .Troni/Greai* 



Oti. Auto. Tram, fluid 



Goh. Kerolen* 



Gdli. L. P.")boi 



Qt'v Hydfoulic Oil 



T>ti. Molylubo (Choiiit) 



Accounting Only ■ Do Not Um 

I PaiCE * U AMOUNT 



■ TICKET NO. 



1- 155201 



R9c'd 
By 



Signgiurt 



FigL/r^12. GAS AND 01 L* MONITORJNG. Recprding forms and fuel tickets'such as these are'part of an equipment 
management system. By keeping track of how fuel and oil is consumed, vehicle fle'et maViagers have, 
' 'essentrgi informatiipn for. evaluating energy conservation measures for yehicfe fleets. (Courtesy of Dade 
■ . ' Coumy/Flqrida/and the City of Milvvaukee, Wisconsin). * . ' T 
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-^selg^tion of new. vehicles and can be <used to provide an inceritive to 
operators to *be ''energy conscious'* in operating vehicles:' Each depart- 
ment or'function. should establish service priorities so that less essential 
servicfis can be cut .back: in the event of fuel shortages. For additional , 
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; . •information oq/ skvipg gasoline, a brochure entitled GSA Tips for 

■•:"FederarSupply /Service; • - \ ' \ . •./ • 

. ;Cen.erai Services Administration ' ' / : : 

;r 1.8th. and. FStreets/N.W :■: ■ ^ ']''''' 

; . ^ Washing 20406 \ ; ■ . - . . ■ • . / i 

'.^ . :'V, V . '\ '■ .; •■ . • ■;■ 

, A vehicle preventr^^ offers: several opportu/iities to . Vehjicl.e Mmntenanc^ ' : ^ . 

\ >ave.gas9n^ ^ ^ . . 

.;be;performed qh air^ /: : \: ' , ' 

.those vehiefes th^tyop^^^^ , ' . ^- . * / 

: ;stpp^ sucl] ^^.rxfusjs co^ vehicles;: A spark plug nijsfiring half thieV : ' - 

time, can red^^ , . ; ■ 

;;of a*tune:U|:.(w^^ ■ ' ' • • ' \ " 

; pferc^ i: : 

V deyices;«fi<3^^ . • . .O 

; .;asa 10'pe^ce^^^^ ■ .. , * . :," 

* ;:a- motpr/:^^ ; • ; . ' • . . . \^ 

:7:jii:nade'quati^niaint^ ' ■ /.■■X-:^-, •v■^^..■ ' \ • / -.^ 

. . ; . ■ > . 

.prpyide^Xcompm 

of^all mb^pr yiehi^ ■ . : :, ^ ^ \ 

^disf)en$ed 'is ;recp^ ; , ,. ■ • . , 

mileage:: The prpg^^ ' ^ ^ ' 

■-Vehicle class can ^b^ is created . . 

] which i^signats w • / . 

econorfi)^; By maintaining ;atQ^^^^ : ' . _ : • ^ . 

program :permits :eva|uati.on:b^^ Also, the.- V . . * \ rj^^ ■ :. : ^ , • ; 

■^information xpllected-is ;USe;d : to^h^lpvdecide the- best vtimVtd' = * • ' / ' ; . • : 

■ ■replace;a,piirticular vehicle^^^^^ • ' ^: /'^^-.-/--J^ '^.^■■./■^:■^■^:^.■V:7■^^/^" a^'^/-**- >v" ■-"'i^ 

■ State, and ;ioc?J'V^^ .^^ "v^^ 

lubrication, oil as a-;cons^rvati6n measure.^ have,'in^!tl|f .C ' .•. '■^''■W--: v • ''.^^k^^'^^^'^.t-- ' ^ 

past, been paying private: con to haul" it away, ' With high^': ■ ■ ^^-^^ 
petroleum prices the picture has completely changed/For examp^^^^^ . :^ V - "w^^^ 

cohtractor;vv^ascharging.'Kansas City, Missouri, three^^^ . ' ■ ; "3 " 

.'.1973 to haul away waste lubrication oil collected froni city- v^ : ' >.. 

same contractor is nqy^ 'paying tfie city one cent per gallon for thq sanle V ' . ' ' 

oil. jhe petroleum, shortage hass motivated Americans' to search .for new . : r\ ' ^ v . . - X 

'uses for a substance which was onte considered ''waste:'V- ■ ; : ; '* ^ . , [ ■ ^' ■- ; . 

, Industry is experimenting with the use of recovered lubricatipn oil .in!;;/^;\^^ ' ' ' ^; ■ 

:: the manufacture of asphalt/ products.* As asphalt prtces have" beeri -^^Z' : * '-^v' ■ ; ' . - - 
'Climbing, this procesis should prove cost-effective. The use of recovered. - . * ^ 

'lubrication oil. as a fuel supplement has been.considered! However, the ' ^ ' ' *' ■> ^ 

; air pollution enlissions which have resulted from waste c^il cp?T[^busti^^^ . : V V 

_have proven to be a. potentiaLhealth hazard/ Fairfax. C^^ ,^ ; ::- ^ t . X^-^' •^^^'^''^ 

. for example,'ran an. experiirieht ;in \yhich recovered 'fubricia^ ' ■ • ■ ''{^ ;V ■ ' v : i 

. .used as a fuel supplement ip the^boiiers of school . buildfrigs; "After^ ;., ' ; . v^^' 
measuring the lead emission levels; the experiment concluded tha^ 7' ; < ' • J f ' 

lead" represented a long-t^rm health hazard. The "experiment'lias^^ ■ '■•'■^ 

•terminated. . . ;" ' -'.r^-r,: --^ . •• 

State;^and: local -.govera^^^^ 

modifications that promise to help conserve gasoiine%r diesef fuel. One' Repja'cemertt ,:f : t 
J"el-conserving measurfe; is to uses. traflErs^wtth sTnall vehicles t^^^ . * • . 
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occasional big load. In this way the -yehfcle 

operation ;[s miriiniized;. Although ;use i)f. Vddialv ply 't^e^vhas been. 
promoted as a gas-saving ^nd Safety;imeasufe;(|^ recent study^^ • 
; EnTorcfment Standards. Laboratory of the rsjational Bureau 6f $iarKlaVdsf^^^^^^ -J 
warns against-^th^ir use for /police :pjatrol cars. The study foui^d that such 
/■"tires may blow out at hig^ speeds.,'as th^- tire becomes overheated.. and."" ' 
■the rubber tread lets.go of the steel: belts.^Thi^^ fslBS ." ' 

deaths'and another 20«noiifaftal ac.eidenis Qausedyb.y lilfhrsp^ 
'of radiarply,tire*s.^''^ Thids/Whije 'tire repl^ceme^nt may^-be a usefura''rea to 
, consider- in vehicle modifications to conserve (ineVgy/. t iise of steel . 
radials; in high-speed vehicles is.notil,ad^.isable. Other ar^as jbo' investigate 
include lijb.ricants, air fhlters; carburetors/ oil filters/.exh;^^ manifolds, : " / : 
; mufflers, ^park plugs, and pollution cont;rol ecJuipment* ^ . ' , ' . * 
/ St^te ^neteJbcal. governments shpuld .'begin .to take energy, conserva-. \, 
•tion m^qSur^s* into account ir^jF^eparUig spe . * 

.equipm!^t.,A*'nev^ vehicle with.a lower gross weight than another wijTget 
, ' . ^ ' ^ better gasoline: mileage; as ^eqg^ 

■ ; horsepQwer usually will get better mile^^^^^ \:'\. 

■ ■* „ ; /' 'wheel patibsgen&rally, get g^^^^ 

. . " ' ,; ; . ^ve; hides have aut9matic^transrRisMons^ A 'bi'gher engine c.omp^ ^ ? 

. . ' - gives;, irnproved^;/^^ 10 percent increase saves somewhere . 

b^ 0.3 and . 0.5 miles per gallo;n..i SinrrifaHy* a= lower engine '. 

. . . .. -displaccirhent promises better;'ecwiorn>tt-a .10 percent decrease saves y',^^ 

... • . V '^^^"'^ . .'.'about 0.2 rhiles per gallon,'* ' For more information about foel-ecOnamy .W ' 

.'■ : , . ^ . ' ^ in n^w vehicles, contact: - ' V. ' /. ■ . • ■ ; * , : * 

/6'^' / \ ;. ■ Mr.. Harry/Weaver . ^- ; • ■- • . ' " ■ ■ ■ ."v" ^-^ '■" 

' 'Y.X ' I : :'\/;; Motor Vehicle Manuf -.' r ; ^" ' 

■ '• V- • ii. ■ ■ '/^^ ^ / ' ■■ /'*^:320 New Center Building V . ' / ^V ■: ' ; . -^^^^^^ /^P" ; 

r . . • ■ V^^^^^^ ■ v.'^ ' • ■ : :.' .Detroit,:t^ijjhigan 48202^ ' \^ ■■ ' ' ■ ' ' " . ■ ^"."-0 

■-. ' i'.; • " • . ^ ' .(3:13^)872-431 . ■ ' ■ ■ ' ' V " - ■ 

■* ■ ■/■Sx ''^ v-^^^^ • • ^/ ■ W,5; Departmentiof Transpcil;tation;.(DOT).is currently ^n,(lu<:tf 

'^/■y '-^.r' ■ >^M-:'// ^ • ..ing'tesea into, methods.of improvingAfu^l economy in the:.desigr1. of 

• i^i^ -vf iv'; . ; ■ ; /.new . automobiles. Dpi-s . AutoniebHe^ fe!nfecgy- Effic Prografri-vjist:. *: ■ 

^ ■ bufningv(^gine:s,- cata^tic^ burr/fers^ ■ 

-j^r^^'. . : .■ . / ^ ' V :i''^nsnTijssiortyiT^^ variable ; 

fi'^r '-'-^^y^^,. .1 : ' : i vV. , ' . /^tr^hsmissibn^ ^ni; torque cb^ lockups which red^cfepfuel consump- ' ' * 

fiU-'\ :^ . x^ibn ^duringv1dl^n the Aerospace jCbrporatidh i^^te^ a .rturtJbe:r. Ofi 

■ /' ' ' .Fefrofit devijces that xan. be ^acKed ;to carburetors: to irri prove fuel. • ' 

■ ^' A*'^^^ ' /• '.' ^ / . economy. Two 'stater=-bf-the-arf ev^uations ^ Arthur ;P«i, Uttle' . 

p > r • / ^> ■ ';■ " ■ - ' "^^ Company.-, and the Squth west' Rese^^i*^ are scheduled fop . 

'"^ ^ V ^^publication during I97i^f oWfurth'dr iriff9fmatipn>^ 

• ; : . • ; bf^'T/a^ research program, , cpritactv ' ' ; - : ■ 

V 1 ■ ; f ;;;rV/ . Office of Systems EhginQ;ering ' 
, ; ■ ' .* * . Energy and EnN/irVDnniental D^ 
. / . ' : / 'Departhidnt of Transportation, ^'i ' 
r^ F'- ; ^ . \'400'Spventh'Street;S..W:* ' ^^^- 
■ ■ ; -Washington 'D.C. 20590 V' ' 

.Checklist The Federal Energy .Administration has 'prepafed^ 

Achieving* greater fuel economy in yehicle 'fleet operations. State and 
local goyernmerits should evaluate 'each ^sugges-tibri bn'its'own ijnerits. 
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These conservation tips appear to be technically and .economifaJky 
sound, but common sense should determine their appiicat16*n in a 
specific situation. Some measures could require ''a hiore de^piled analysis 
to inclOde such factors as la(jor and equipment costs, fuel savings, and 
operating lifetimes. Pleasi consult witTi^ the manjufacturer's automotive 
;^ngineers. ^ ' v ^ * 

• Conduct a maintenantfe'check everVi'o,000 miles; more often for 
: . slow-movi'ng vehicles or those making fnequtnt starts and stops. 

• Use the air conditioner only \vhen necessary. 

. . • Use the lightest vehicle appropriate for the job. ■ 
■ • Use subcompact^vehicles when high acceleitition is not required. 

• Collect wa^te lubricating oil for sale or reuse if a m^cket for it is 
nearby. * 

• Combine inspection teams to reduce the number^f trips.^ 
Buy diesel rather than gasolinApowere^J Vehicles, if appropriate: 
Check factors contributing to improved fuel ecorfbmy such as 
gross- weight, engine displacement, axle ratio, and transmission 
ratio before,purchasing new vehicles. ' 

• / Centralize fuel purchasing and allocation.- ^ 

• Plan the most efficient vehicle routing^ ' 

• Operate vehicles on the lowest octane fuel consistent With 
performance. ^ % . ■ 

• *Rank - fuel-consumipg services so priorities are established for 
periods when fuel is scarce or unavailable. , ^ 
Remove excess weight from vehicles. 

Use . trailers to increase vehicle payloads when the vehicle is 
. occasionally ^ used tp carry such a load but under norgial : 

operation would not need' the carrying capacity^ 
' Use wa^te oil for fueling construction equipment .and other 
\'off-road'' vehicles, provided this is consistent with the manufac- 
turer's recommendation. " 

Tram drivers to gotat a steady moderate speed, tj) turn off the 
/ engine when -stopping for more than one minute (except for 
diesel engines), and to keep tijes properly inflated. 

• Train drivers to avoid gunnmg the engine to warm it up and to 
avoid **jicl<rabbit'' starts. ^ 
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ENERGV CONSERVATION 
IN THEPRI vXtE SECTOR 



• This TecHfical Guide h^is thus.' far focused on energy eonservation 
measures that state and loc^l gpverpmerTts miy urjj^ertake on their ov^n 
operations. In-addition- howevdf, government^rrneasure^ can signifi- 
cantly 'influence private;secf6r use ofcen^rgy, Specific%, state and'^local. 
govfe^ents should consider* wiys^.;o, control energy u»e^n residelflial 
and ?ommer^ial buildings, transj^ortatidn services, and iruJustry. This 
c^hapter discusses each of these private-sefctcK energy^userwo suggests'* 
governmental actions to control their uses of epi|rgy:Tigure l^jjpro^idesV 

■ 5n ov@R/ie\v of how^energy js used«n the Uriited*State^ v^ithifl the private 
sector. W ^ ' . * -^v 

■ ; ■ ^- ■ * ,■' ' .^ 

State and local governm^ts shouj'd be conc^ned with energ^4nser\!^a- 
tion in private residences and .commercial bunciiags sin(^these str^uctures 
consu/ne about one-third V the nation's. energy; The primary r^e of 
state and localgovernment in pxomotjng energy c^^nservation irfjrivatel.y,^ 
owned buildings ^should be#.to^fluelKce certain ihdivj^jlual choices that 
affect energy demand. These choices are made by builders, prospective 
hQme , buyers, ' those, who . ar^, contemplating home impravejruents. and 
companies which are considering buying or building new facilities*^ ' 
A local jurisdict^ion's program for promoting energy ^conserva^n in 
privately owned buildings should be ba^ed oh 'government's consumer 
education role. (See listiifg of sample educational literature mMppendix 
C.)^ As heating fyels.-and electricity '?becoTne more* costly,' it is in the* 
building owner's best interest to take actions which minimize utility*and 
fuel bills. Examples of consumer education programs are: 
,^ • Providing information on the energy consumption of various ' 
household appliances and the relative energy efficiencies of 
■ different^'brands of the same appliance. 
^ • (promoting" home improvements which reduce heating and air 
^ conditioning energy co^ts,^ ^ 

• Helping prospective buyers select homes with^energy-conserving 
- features such as adequate insulation. * \'\ 

Another type of aqtion that local governments should consider is the ' 
Use of planning controls and incentives to assure that new residential and 
commercial jcpnstruction is consistent with, th^omm'unity's energy 
tonservation goals. One recjpnt innovatioji, the enePgy impact statement. 
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' WATER HEATING 7.6% 

REFRIGERATION 7.6% - 

AIR CONDITIONING 12.5%, 



INTERCiryr 

..Hpassenger 



TRANSPORTATION 




Figure 13. HOW EJMERtSY IS USED IN THE UNITED STATES. This figure .illustrates the Rational energy 
consumption pattern In 1973 by sector and withih each of the f (Kir sectors, tfovqrnment co^nsumption is 
^ rtot shown, as it is a very small percentage of total consumpjion. Th^ Jransportation/residential, and 
commercial sectors together^account for over 58 per cent of total national energy consumption. Energy 
use in these sectors is most responsive to state and local government, polity. (Courtesy of U. S. Atomic 
Energy Commission) . \ 
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may enable locaJ'' jurisdictions to manage ' the' » growth' in energy 
consumption brought about by new commercial and resideritiardevelop-^ 
ments. A more stpjngent use 'of government regulation in , this regard is 
, the enactment of building code pcbvj^ions which set standards for energy 

■ conservation in new construction. . ^ 

* This section on energy consWyation in residential arfd corVimercial 
buildings -addresses four action areas for local government programs— 
.planning controls, home heating, air conditioning systems, and thermal 

1^ insulation. Table 5 illustrates the national energy consumption pattern 
*for residential arid confimercj^l buildings, these figures of course vary 
VJidely from one geographic region to another: However, they should aid 
governments in settfhg relative priorities for a residential and commercial 
energy- conservation progratn. „ 
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ENERGY CONSERVATION IN JHE PRIVATE SECTOR . ' v 



Table 5 RESIDENTIAL AND COMMERCIAL ENEF^GY CONSUMPTION 
• PATTERNS ^ . 

■— — — ^ — . t^_i • " ■ ; • . ' ■ 

Energy use^ ^ Percentage 

. ' •■ ■ " — ■ — .' : . •-' ■ ' — T ■ — -J^k — • ; ' ' V — 

»'Space heating * 53% 

Water heating ..... ?Yr. . . . . 12 

Air conditioning . : . . ..... . . . . . ^ 8 

Refrigeration ,. .^ ......... .. ... 7 

Lighting . . . . .......................... . 5 

Other electrical . 5 

Cooking . ; . 4 

Clothes drying ; 1 

Miscallaneous :. ... 5 
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'0 



J 



Total 



100% 



SOURCE: Nbtional bureau of Standards, Technicaf Qptiqns for Energy Conservation in ' ' • 
5a/7c^/>7^ (Washington/D.C.: U.S. Department of Commerce, 1973), p. xi^ 

V f . • ; ■ ; ^ . . ■ ■ ■ . : . ■ ■ \ ' ' ^ ' ' '■ ' • 

Most buildings, both commercial and residential, have been constructed ^Planning Controls 
with primarily initial cost in mind. Little consideration is generally given ^' ' . ' . 

. by architects, engineers/ and builders to the energy costs for heating ' V ' . 

air conditioning .that will have ^to be paid over the lifetime of the ' - . 

structure, although the cumulative operating costs m^y equal or pos's^ \ 
exceed the first cost of the building. Because builders- have an incent , 
to keep construction costs (and therefore purchase price) down, they 

usually have not installed energy conserving features when these features ; 
would have added to the cost of a home or .office building. Unfortu- 

. nately, prospective buyers generally do. 430t possess the inform 

necessary to distinguish between a building which has been'well-designed. ' / 

from an energy conservation standpoint and one that has been poorly ' 
' i^si^ned: . ... ^ 

y . Local and -'state, government consumer affairs departments can aiy - • .. 

prospective home buyers in estimating the annual energy costs for ' 
heating, and air conditioning. Builders could be required to supply the -J / .- , 

necessary information, about heating and cooling equipment to the ' . ^ 

■ buyer. Standard procedures for calculating projected energy CO . ^ ^ / ^ 

. new house" haVe not yet bqen developed, however, although* energy /\ ■ ^ ^. 'r^'0^^^^-^'r^4 

%fficiency . ratings are available for^ome appliances such as room air . - ' ' " ^ 

conditioners. , ^ • " ' % 

Another Way to encourage energy savings might be to require that a ^ 
certain portion of new housing be in high-density planned developments. 
Multiple-family dwellings,' in general, require less energy, for spate- 
heating and cooling per dwelling than do single-family 'detached houses, y 

Also, high-density: planned residential development facilitates the use of'' . " ' . i . 

kss energy-intensive transportation modes. A recent study prepared by / 
the Real Estate Research Corporation (sponsored jointly by the U.S. • /l- 

Department of Housing and Urban Development and the Environmerttal ' \ ' 

Protection Agency) estimates that a high-density, planned residential \ 
development uses approximately 44 percent less energy than a low- , V 

density sprawl community with, the same number of dwelling units. The ■ / ' 

prototype high-density community used in the study consisted of*4b , , ^- . 

\ percent high-rises (six-story apartments), 30 percent walk-ups, 20 ^ > . ' , .i^- 

percent 'tpwnho.uses,.and 10 percent clustered single-family homes V . • ^' 
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to assure that proposea residential and commercial development 
does not. overburden .ar community's energy resources, jurisdictions 
should considpr^reguiring buiW large developments to submit^an 
**enfergy impact-f.^titement'' ab plans for "a proposed project. . 

Energy impact statements (analogous to environmental, impact* sjtate- 
ments). would require the builder to calculate the/projected energy 
demand for the entire development, justify his selection of heating and 
aii^ conditioning systems, and consider several alternatives for supplying 

• the energy need& of ^^the. buildings''*(For example, the builder shc^uld 
provide evidence 'that he has considered on-site pov^er generation a^d 
district heating and cooling systems.) . > /\ 

The energy impact statement is a vejry nev^ concept, and its limitedx 
application has yet to be evaluated." The usg, of an energy impact \ 

iJStafement h^s been explored by the Center for Environmental Studies at 
Princeton University under'a grant from the NSF Research Applied to 
National Nieeds program. The Center has been studying how the planning; 
and development process influences the energy consumption of dwelling' 
qnits in a planned unit housing project at Twin Rivers, New Jersey. . 

The subject of energy conservation standards for nev^buildings has 
attracted much attention and controversy over the past year. First, there . 
is not yet a consensus among state legislatures that local governjnents 
have the legal authority *to legislate such conservation standards. The 
authority to establish buildihg'cofles* is founded on government's role in 

. prc^tecting the health and safety ^of the public. Requiring compliance 
with aji energy conservation buifding^standard must be shown to be 
based on this. legil principle. 

Second, there is danger in a local, jurisdiction's unilaterally legislating 
energy conservat^ion standards for buildings. If the standards differ from 
one jurisdiction to another, rtianufacturers will not be able to supply 
standard materials and equiprherlt to builders but will have to customize 
equipment for new buildings''.i» each jurisdiction. This would have the 
very undesirable effect-of ii'iwecessaffly dnvi/!g up the Qpst of nev^ 
construction or hindering it .altogethei:.> Also, Tocally originated energy 
conservation building standards .cOuld . actually become counter- 
productive as new const;r*.ucti9n t'ecKhol|)gical capabilities are developed, 
unless the standards were corttinually rievised.To do such revisions would 
/equire research^beyond the capabilities .of many 'jurisdictions. Also, 
there. are political obstacles to frequent building code revisions. 

To* cemedy this situation, there hAs b^en a movement toward 
establishing a- uniform hationwi"^ ^ergy conservation standard fbr new 
buildings. This movement N^as initiated. by . the National Conference of 

V States on Building Cc^es and Sl|pndards (NlC^SBCS), which requested that 
the National "Bureau of Standards (NBS) cievelop an interim standard for 
•energy conservation in new buildings for consideration by the various 
state legisla'tures. After cpnsultation with representatives of the building 

.' professions, NBS published a report entitled Design and Evaluatiqn 
Criteria for Energy Conservation in New Buildings X^BSIR 74-.452).. 

^ 111 his. letter trarismitting the ,NBS. Report t,o the NCSBCS^ the 
Director*6f the NBS Institute for Afjplied Technology stated, **lt is also 
our;rec0mmendation that, the; states be advised not to use the document 
in fts present forrn for regulatory'^Durposes.'' Subsequently, the NCS6CS 
requested 'the American '.Society of Heating, ^efrigeYating and . Air- 

* Conditioning Engineers (ASH.RAE) to work further towar^f thie develop- 
ment, of a. ^faft 6tandard for energy conservation; Utilizing the NBS ' 

: \ ...i' 
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document as^a technical base/ ASH RAE has (ieyel6ped Standard ■ 

90P. This standard; has recently been circulated fpr ceview within a ' 
Consensus process* If the draft standard isvappr^yed (early I975)i it wilV ' 
. be submitted to the American National iStandards jnstrtute (ANSi):to ? 
become an ANSI Standard. State artd Nocal 'jurisdictions c6u|d then! * 
reference, the- Standard in . their building code legislatfon and.alloAv for its 
administrative adoptioh. ■ ' ^ : ■ ' V 

The stated purpose of this proposed Standard is ' to. provide/ ' 
performance-oriented criteria for designing buildings*with high thermal ;■ 
resistance and lov^ 'air leakage; and designing improved ;me^^^^^ 
electrical systems v^hich promote the efficient use of^'energy' Tlie-criteria 
are intended to be flexible,- encouraging designers and architects^to use. 
innovative procedures and techniques which achieve efficient utilization- 
of energy. Also, the proposed Standard is to be continually reviewed and" 
updated by ASHRAE so that it will reflect the changes ia the? 
state-of-the-art of buildingdesign. 

. Government officials should be aware of the position *taj<^ri by the 
American Institute of Architects regarding tf^e ASHRAE Dpaf; Standard 

90P:- ■• ^ ,.; ■• ,. ^ ■ ^ > ■ 

The present slate of the art is such that.no reliable standards can be set and the adoption of the'""^ 
standards approach |n formal legislation even to the practices which. are recgrnitiel^ded [n this 
present draft document may retard the nation's realization of its.greatest potential in cjpWsdrving 
■ energy in buildings. AIA emphasizes that its Energy Steering Committees have been ahalyzin^'the 
matter for more than a year and have come lo the following conclusion^i x ' , 

1. Within the present state of knowledge we do not know' exactly -how ancj uh(^er What 

coriditions certain actions rhight be effective., ' ' V* | 

.2. Even if we did know these details, the variations of building situations wouldtend ^ ^akc"^. 
the "standards approach" ineffective. ' ,; ; ' ' '' i^ ' *V 

• 3. We lack adequate knowlcdgd of ihc psychological and physiological: reUticinships of some! 

eriergy conserving tactics. v'v^ „ ^ f 

4.. We can specify many^things' that might conserve energy but at increased costs of operation. 

The A4A dpes strongly support legislation which providls for br^^ 
incentives to conserve energy in all buildings, both nev/an^ ;\IA 
is preparing ya set: of recommenced criteria for evaliiauhg legisfative 
proposals and plans to issue recommendations ' 

• legislation in early 1975. ^ : . - 
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ENERGY CpNSERVATiON Ty^ jEi^ll^^ 




Sir 




. Informatipn .on energy impact statements niay be ( 

. / Professor Robert SoooIqw 

Center for Enyironmental Studies 
' Ehgineerinig Quadrangle ^ ^'V^ /. • 

• . . ■ Princeton Uhiversity . . : ' ; ; 
. Princeton, New jersey 08540 ■ 

:,, Adopt-ion of the pleasures " for regulating 
.discussed in this, section' will, have; a major impac^;rrf|bt^Lrfe.^y^^^^ 
community's total energy consirmptKon. But" th?r^rjB;'^^r -fi^iQrs^^th^ 
:havc a more irhmedratc effect on energy conse/\^g^o»3^ 
com ni^ercial buildings. Energy- audits o'rsuch strLj^aj^ sfew^^^ 
two-thh'ds of their energy consumption is for con^rt coSditi'orwi^^Xhe 

* Tw o 



np'xt .lwo :. sections' deal ' with .^^ spati>i 
comtfoneots .of comfort cortditiM^^^^ •> . . *^ 

Spa^e heating (s. the largest^ sfhgje ehergy use in reside ncjes-tf^^jj^S^^r 
home In arm,|i^?ate cl imate, 5pa£e. heat ing.accountS' to^^ 
.J:o|a'l, .energy c^Qtivered to the ho'me. Obyioiisly, n^able^^ 
^-"^'•rrigs fan achievc'd.by-SQre'cting the mpsr^^^^^^ 



, J'^'^^ifigi^^n achievc'd.by-SQre'cting the mpsr^^^^^ 

, 'V '-j^ ' ^ The rnost-'cdrp^^i^ 

oil-fired furna(?fes; -gas-firey^tfuj^^^ffie 
' baseboard y ceiling, wall, and duct heatef^j^j^^glctri 



lalf tKe\ 
and Cosi 
lent heating 
heati{)g 
ectrfc' resistahce-^i 
fctric-povyeredflheat: 



baseboard^ ceiling, wall, and duct heatcfs^ 

^ purnps^v,/ ; i ; .'■■'■/^ <■■-'■ ,; . r '"^1^ 

V . The relaiiVe merj^ of f«ssiriije| verslJS el^^^c heating have beajn tfiCn 
.Subject; ^f |;orisidei®le cSntroyersy. ,Gas ori^\\: f'yfrn^ces have (?fe{;tatn. 




■ . V ,V; systQim-^.whifch is clearly more energ 

. in many parts Qf* the coun 

^"^:?;\■:> ::ipr gis heating (see Figure 14)^ 
'■i^M^-A /Th.-^.;^r -.A...r..\^^ 



t;;than electric: resistance 
eh rhore efficient tihan'oH 



■^^f^vv'-r u$in|^lectricity i^^l^r than oil Or 

jl''^^^^^^^^^^^ that electric energy can be ge 

;^/^^^^wVf;;^unce^r^co», hydroelectric Aor nuckar powe 



ted from ^a variety of ' 
hydroelectric,^or nuc|0r power l^nd geotherh:^aJ,p6w;cr.in 
SQm'e areasl as well as oil or^gas. New power plants have the,c3,pabiiity of 
"switching ^p: the fnost avail'abl^e'''fuel)^sidential fossif fupl. fijrnace^^^^^ 
^ ndt'Mvje- p flexibility. They arc designed to-^burn only one Tu^l, and.; 
hp*mc!nieati;ig fuels^ (both gas and'oil) are nowybe.cdming ni6re IJnnijtecl:th 




• . I \ *A* h6at pump is a system in which refrigeration equipment is used in; 
. : ^ .5&j^*^ner that heat is taken from a heat source and given u^ to the' 

■ ; V' >\ .j^TOiticiAed space when heating, is - wanted; and; is rcm^oyed from the , 
arid dischargecf to a heat sink when cooling is desired (§ee Figure 
' . /^^5*.). tfius^ heat pumps also serve as .air^ c^^^ 
' ■ X,' / sQ^ce-tieat sink can be either outside ;air or water; While* h;^^^^^^^ 
: ; ; '%aye been used most frequently in .offices/:aW 6t'h^ 
■ . reliab^lS heat pumps are available' today Tor hqm^ 
v.. V / bi^yers as well as those considering converting to ejec heating.shourd 
v'ii.r ' j^'^^Q aware of the ecoriomjc ' advantage 

Pj^ol^erly sued and installed, a heat pumpV provides.' a .3^ 
an^al saving in operating costl compared with;- d 
"Seating: The actual effidericy. or.a heat purnp^ (^^ in BTUs 

•deftvcrcd^o the conditioned space per kwH of- •electricity) depends on the 
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Figure .i4. COMPARISON OF ALTERNATE HEATING SYSTEMS GOSTSJrvaddition to saving 

has become the lowest-cost method of heating- a home, vHl^rn operating cost but in total cost, in 
places where the temperature rarely falls below 40'^F. TotaTannual costs shown in the graph include 
• ^uel/depreciation/capital, and maintenance. (Courtesy of Westinghouse Electric Corporation). • 

■ y-":' ■■ - ' . • / ■ ' 

outdoor temperature. At higher outdoor temperatures, heat pumps are 

more effieient^ , . ' ■,. - . /' ■ : ^ ^ ' 

The reason for fheir^ high efficiencY is that heat pumps actually ■ ; ; 

extract heat from oftudoors and use it indoors. Thus.,:they conserve 

energy by_ producing upvto three units of heat for each unit of ele^^ 
.. supplied. Since the efficiency of a heat- pump varies with the. temperature 

of the outside air, the'NionomJc advantage of heat pumps depends on 
' geographic location. In average heating requiremenis. of 

7,000 to 7,500 degree-dayiSsmr year (such as Milv^aukee), heat pumps,are 

1.6 times as efficient as electm: resistance heating. In an area v^ith 2,500 

to 3,000 degree-days ^per.year (such as Atlanta), heat pumps are 2.2 

times as efficient as resistance^^taJUng/ Another economic advantage of 

heat pumps is that the same unit can provide both heating and cooling. 
Unfortunately, many heat pumps installed in the early 1960s v^ere 
^"oorly^ desigraed,. thus resulting in a somev^Kat riegattve image regarding 
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OUTDOOR UNIT ' -INDOOR UNIT 



- • Figure 15a. .HOW A HEAT PUMP WORKS/ For xooling/ the outdoor unit 
compressor feeds liquid refrigferiant through its coil to the indoor 
coil. Warm indoor air is .forced oyer the coil by the blo\?ver. The 
liqui^f refrigerant changes to vapor and absorbs heat/ lowering the 
temperature of the indoor air 4Dio\wing over the coil. Refriaerant 
' vapor goes back to the outdoor unit. It is. compressed and flows ; 
through the outdoor coil vi/here its stored heat is released to the air. 
This is a continuous process as long as there is g need for coolinfl. 
(Courtesy of Lepnoxv Air Conditioning Corporation) 



their reliabilitY. in fact, from 1.964 to 1970 the percentage of electrically 
heated homes using heat pumps declined frohri 15* percent to iTpercent. 
However, since the mi,d-1 960s, heat pump reliability has . greatly 
improved.' The Tennessee Valley Authority; for example, has conducted 
a certification program for heat pump manufacturers. 

Local and state., governments should encourage the insjtallatiori of 
heat pumps in are^. where ; local climatic conditions and: relative 
availability of gas, oif^and electricity make the helt purnp an attractive 
alternative to .fossil fuel; heating. Consumer affairs organizations can 
inform prospective home buyers of the heat pump's cuteral I economic 
advantage. For additional information on building heating systems, write 
..to;-: ■ '--^ . ■■ ' ' 

Mr. R. S. Carlsmith • 
, . .Director, NSF-FEA Energy Program , f^^. 
Oak Ridge National Laboratory 
Energy Division / 
P.O. Bo)^X* \ . ^' " 

Oak Ridge, Tennessee 37830 
(615 )483-8611, X 31754^ : ^_ 

Center for Building Technology. 
National Bureau* of Standards 
; Building 226, Room B-244 

Washington, D.C. 20234 , . 
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Figure 15b. HOW A HEAT PUMP WORKS, Changeover from cooling to hewing' 
is.pontrollecl by. the thermostat. It works through the heat purrip 
; . ^cohtrols to reverse the refrigerant flow. Refrigerant in the outdoor 
. ' coil absorbs heat from the air (even Avhen j^e temperature, is quite 
low) and the compressor pumps it; in hot vapor form, to the indoor 
r coii; Heat is picked"up from' the warm coil byiCirculatihg indoor air. 
. . Liquid refrigerant returns to the outdoor cdjn%;;continue the cycle 
. . as long as there is a need for heat. (Court% of Lennox Air 
CQtndltloni'ng Corporation) * - v 
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For inforrnation on heat pumpsVcontactahe fbliov^ing suppliers: / 
General ElectrJc Cornpany; \ 
Contrail Air Cohditioning Department ' 
' ApplianceTark WCE-50i; ' ■ : 
':■ Building 6,: Room 220 ' • .' v 

Louisville, Kentucky 40225 . • . 

(502)454^7511 . . . - 

. ' Heat Controller, inc. , 
V. ■ \ 1900 Wellv^orth ' /, 
' ■ Jackson, Michigan 49203 . . 
;(517)787-2100 . ' / '\ . x 

Lennox Industries, Inc. . ; . * 

200 South 12th Avenue • ' ; ' • . ; , 

Marshalltown, Iowa 5Q158 •'^ . . | / 

(515)754-4011 . . ' \ \ :'; 

•Electricity consumption for air conditioning's increasing at a faster rate Cb/?t//7/V;///Vz^ 
than for any prKfn,appliance._Ropm air conditipner sales-have doubled. y'; 
every five yearsr^^itice 1960, and this growth rate may 
time,''. ^ Air conditioning is. an'"cnergy-consuming function with !great 
potential for improVement because there is a large variation in energy 
efficiency anriong available units. Air cbnclitioner efficiency js the ra^ip^pf;; 
cooling capacity, measure^ in BTUs, to the ^electrical energy require* ■ , ■ • 

ments of the unit, measured in watt-hours. This commonly accepted^ ^ 
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efficiency, measure, called the ,EER (Energy Efficiency 'Ra'tio)7~is 
measured in BTUsper watt-hour./ . ; ; . 



' . In^all-clectr'ic homes/air conditipning rart^^^^ energy tfofTstrm^---.-^^ 

tibh, behin^d space heating and water heatirilg/ Although air condiUonih 
acxiounts for 8 percent of annual residential apd commercial energy use, 
it' contributes 30 percent, to the sumrnfcr ehergV load of residences- and 
acifoaht^r' for 56 percent of corhmercial energy consumption during 'the ' 
;^ummer.^*' This is significant,, particularly in metropolitan areas where . - 
peak electrical demand on hot days severely taxes an area's powerr 
generating capacity.. 1 ■ : : ^ 

; An Oak Ridge Natippal Laboratory survey reveals that about 4,00 
models of room air c'Qnditioners are on- the market today, sold under 52 / • 
different brand nahries. These air.conditibners range in, efficiency' from^ * v 
4\7 to 12.2 BTUs per Watt-hour (EER). This means that the least, 
efficient machine wpUld consume 2.6 times. as much electricity .-as the * 
most ^fficienC one to accomplish the same amount of .fooling, when ' 
operated under the same, conditions.^^ The 'average, prospective pur- - • . 
chaser of an air.condjtioner = probab(^;does not :know'hbW' to assess theses , 
differences. As a result, the* bjuyer often cho unit Having the 

lowest purchase prfce, without regard to operating cost, a.<:hdice. that 
tends toward lower efficiency arid higher eriergv consumptiofiv 
/ 'The U.S. Department of Conimervce recently broad energy 
conservation prograrn for home appliances^ -As of May 1 , T974, all roo ' . 
air cTondjtioner manufacturers were required by cidmin^^ ; 
to affix labels^ to their equipment specif,ying operatmgxefficiericy. The 
labels piake use' of the energy e'fficiency ratio (EER). The label displa>^s 
the- unit's energy efficiency ratio as well asHhe range of energy efficiency 
ratios for. all air.conditiOners of a similar* cooling ca thus, t^ . , . 

coasumer is a'hle ; to det^ernnine in advance whether a particular .^,r .■ *: 
conditioner is reiatiyefy efficierit on inefficient. The National Bureau of 
.Standards, in consultatioh wit-h' the Council on Environmental Quality. • 
and the^ErivironniCntal Protection Agency, developed this air conditibndr T ' . 
labeling standard. The Association of Home Appliance Manufacturers is., 
cooperating in the roonri air conditioner labefipg program. Figure 1 6 
shows" what, the label looks like. ' ' • ' ■; 

State a,nd local governments can take several actions to encourage 
.engrgy cons^ryatiph among room air conditioner Usiersc. - / ^. . / 

'education programs can be spdnsored to point out the 
Jness of low-efficiency air conditioners: Th.e :New ^^o.rk 
jartment of Consumer Affairs requires that the roofti air . 
S^r flabel carry Viot just the EER\but, also, an' afi^nual . ..v 
s^pst (computed using. the current electric utijity rate . :.■ 
and a stanmrd number of hours of aperatiop)/^^ 
• State faiF-a^ertising legislation i^n requjre that - information , 
, about an^ air :canditi6ner's efficiency bejncluded i advertising! • 

The state * of California has .established minirnum* energy-efficiency / 
labeling requirements for several classes of appliances sold in the state. • 
Local governments should make inforniation about: home appliances 
available to citizens to. assist them in their efforts -Jo cut utility bills. . 
Table 6 shows the irelative energy demands for yaripus common 
household apptiahces.- The estimated kilbwatt-hpurs are based -on . 
national averages. Figure 17 provides a more general, ^overview of .; 
household uses' of electricity. For further information on the eilergy 
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ASOf Coip. ModarsSOaAlO* 

8.000 Btu per hour-: — ^ 



(cooligg capacity) 



860 watts 



7.5 ampefes 



'EER=9 3 



IMPORTANT.'. 



«p'ff*v$ed m Btu pe» waii'hoLti 



. for units with the same co.oting 
. cipicity, higher EER meini: 
, Lower energy' coniumption r 
. . jLower cost to use' 

•fof available.^ 7, 5?0 |o.8,500 Btu per hour llbvol'; 
■ window models the EER ranaeris . ■ ' • . 



^ER 5.4 to EER 9.9 | < 



f or^nformation on cost of operation and selection 
of cbrrect cooting capacit,y. ask .your dealer .f^r NBS 
Publication LC 1053 or write to National Bi>r?au of 
Standards, 411.00, Washington, D.C. 20234 
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.Figure, 16. ENERGY, EFFICIENCY. LABEL. This air conbitidner l^bel, specified 

is part of a.vojuntary. energy conservation prpgram: for home appliances. The label shows the consumer 
. ,• «' 'the^rilrgy efficiehcy of the air conditione,r relative to other modefs,, of the same capacity. (CDurtesy of 

■ ■ ' Na^nal-Biireiiu-of Standards) , • ■ ' i" , - 

demands of^'various household appliances, contact the, rnanUfacturer's " ,• . '■ . 

associati'on^^t; the address below: . ... . ■ ■ ; / 

Mr. William S. Comstock . , • ■ . 

■ ■ Director of Goyernm^en'tai and Pu 

• ' . Association of Home Appliance Ma/ufacturers . , ■ . . 

• ' : 20 North Wacker Drive. ,. fy : t/., ■ ''/'}.[ ' ■ ' = i , 

: Chicago J lljno^ . . .. , V ' . ........ 

: .(3 1^(236-2921 ■ v ;;. '. ' " . i ■ : ■ - ' '^.^ ■ / "; ; ' .■. _ 

" • • • . ' .. • -1. ' ' • ■ • ' ' .'j'-*" ^ ' '.*'■' . ■ ■ . ' ' • •• 

Adequate thermal insulation-properly installed--can;significantly lower 

h^^ting and codling costs by retarding the rate o.r heat escaping in winter ' .^ , ' . 
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fable 6 ELECTRIC ENERGY CONSUMED MoWfHLy-BY COMMO 5 
HOUSEHOLD APPLI/S^^CES ^ . ^ / " ^^^^^ r . : 



^Appliance 



■ ' • 7 £stiinated' 
Average kilowatt 
wattage \ hpurs;, " 



. ^- Air conditioner (window)- ^. V: J, ; . 

. . Bed covering (automatic) \ : ;v. . . 
^ Broiler. . v". v. . ^ ! . 

v;; Clock ■ ^.V: v ; v. '.;.,;>, 

■ Clothes dryer . . . . ....... . . .. ^ r...... . . , ! 

. ■ Coffee maker (automatic) ... . ^. 

Deep fM fryer . . . : . . , . . ! . . . . . * . - . . . . 

Dishwasher . . . . . ... . . . . . . • . j , ; . . .■ 

Fan (attic) . . . . . : : /^' vv . • • • • • ^ 

Fan (circulatihg) .... .\ . . . . . . ... 

■^Food blender . ; ... . .'\ . . ; . ; . : .^^ 

N^opd freezer (standard 15 cu,. ft.) . . . . . .'. 

Food freezer ttrostlpss/1 5^cu. fJ.J . . . . . . ; . 

. -Frying pan (automatic) . . . . .'. V , . .-^ . 

0ri^^ (sari<^wich) . i . .. . . . ; ; . .. . \ 

Hairdryer:": . . . . ;. . . i;; . .', 

Heat lamp (infrared) .-. . 
irpn (hand) 

. . Jroh 

., Radio ^ i-vr;.*r^- ^--v r 

■ ^Radio•phonograph . .\ / . ; . 
.;^Raht|e . . .^'I'N^^^ 
. Refrigerator (standard,'! 2 cu. ft.) ' . . 

• Refrigerator (frbstlesis, 12cu. ft.) . . . 
Refrigerator-freezer (standard/l4 cu. ft.) 
Refrigerator-freezer (f restless, 14 cu. ft.) 
Roaster ^ ... . . : ; . . .. . . 

Teievisipn (bl^ck &. white) ..... . . .<:: . 

Television (color) . .'. . ... . . . . . . v. . 

: Toaster : . . . , . '. 

Vacuum cleaner . .... ... . . ...... ... . 

. Portable heater . . . . . . , . : ; . 

Washing macf\ine (automatic) . . 

I Washing machi'he'^nbf*f?automati.c) * V . 

• Water heater '. .-. ... .*. .' . . r. 



^(hahd);. .v:.....;/^^^^^ 
.(mangle) . .^. . . . . 
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Source: City of Los Anget^s. 



and entering in/summer (see Figure 18).. , Cities, counties/.and states, 
should, use consumer educatidn programs to inform prospective home 
buyers- of the importance of adequate insulation m cutting bonne heating 
and cooling costs. • * V , 

The: .. Federal Housirig Adrriinistr^ (FHA) establishes Minimum 
/Property Staridards (MPS) for insulation in federally subsidized housing. 
These standards determine tKe maximum" hourly ft'eat loss orgain for the 
structure.. Also, »these,^standards.cestablish 2i: mB^xlm heat 
transfer coefficient vyhich is measured jn vBJUj'^per hour , per degr.ee: 
Fahrenheit (called the **U-v^lue'M.' . ' v • «, 
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JiMSULATlON CAN ^CUT €NER^Gr m LLS, This .grajDtK shov^^'ti^^^' ' 
cost 6f hea.ting.;a 1,500-square.foot hqme:inVKnoxvjlle/;teAhfesse^ ■ r 
Vn.der four dlffolnt Iqv^^ insulation; Heating costs are based on ■ > ' 
.currerrt electncity> price , of 3a^ per J<vvK:- (Courtesy . pf Tennessee * ^ i 
Valley Authorityj * ' . . ^ ' ' ' o ^ ' . > 
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The Oak Ridge National Laboraloliiy ha<^p8rforrTiW*ah engineering 
\. study under the sponsorship of ihc^ NSF Research Applied to National 
Needs (RANN) program to determine the amount of insulatLon rcqxiired 
" to. meet the FHA Minimum Property Standard^, •This sfif^ry^.|xamincd 
model .homes in New York, Atlanta, and Minneapolis, which are ' 
representative of the central, souiher,n; and northern -xrlimatic regions". . 
The purpose was to determine the optimal^ insulation Iq^vcl for thcsc^ • ' 
homes. The optimal insulation level is a function of the tnsulation cbst " 
' and the. heating and cooling cost savings. Factors included in the analysis 
•were mortgage interest rate, owner's tax bracket, the' property ta:k rate, , 
insurance rates, energy costs, and ciimatic data. ^ 

The conclusions of. the study have significant impijcations forjocal 
building codes and standards since local jurisdictions may consider 
adopting the . FHA -Minimum Propcrt'y Standards for all residential - 
construction. Several jurisdictions have already 'CstalJ1ish<;.dv thermal 
insulation standards in their Jocal building codes. At present, the slate of 
Tennessee is consid6ringTfcgislation setting minim^tim insulation standards m. 
propose^] by the Tennessee yatlcy Authority. 

IncreasifHg insulation, particularly in areas with moderate to severe 
winters,- is definitely cost-beneficial if present insulation is below the 
present fhHA standards. Energy^ savings in gas heating arTd air condition- 
ing ranged from 20 percent in Atlanta to 50: percent in New York, and 
the cost savings in clcctricalf|^ heated homes varied -from 25 percent to . 
38 percent,'*'^ These ''savings reflect ^ comparison of a house with 
a ''typical" level of insulation with the "well-insulated" house. As fuel * 
and electricity prices rise, the magnitude of thqsc savings will increase. 

In addition to the quantity of insulation in a home, the manner in 
v/*iich It is installed can have a significant impact on energy (^nsump- 
tion. Air infiltration can amount for as much, as 50 pereerittof the 
heating load for a typical housti'. Prospective home .buyers sh^ld be 
made aware o|. this fact. Also,* home improvements such as Wjpather 
; stripping and calking should be encouraged as^a means af outting'^iomc. 

heating bills. < ' -v, / V ' ' " ' " ' •' I 

The FHA in Novenitbft-. 1973'ajnended i^ Property Irry^rovemfent and 
Mobile :Honie Loan Insurance Regulations to provide for insured Iqan^ 
for fuel-conserviogjiome im^pfpvements. Thesejmprovements: include the . 
'installation of thermal insulation in walls, floofs, and ceili^^s andj th.e 
. installation wof storm windows and doors. As part of a com»>UJnitywide , 
energy conservation^ prograrn, local officials can publicize These 'loan 
guarantee provisions to hoifieo.wnersv For additiorwi. informatf<lin onnhe^ 
Minimum Property Standards or on the new Property Inlpilpvement 
Loan regulations, contact the FHA at the address below: 

.Mr.^M&ryin Dizenfeld . ^ ' * ^ ' 

Architecture and Engineering Diviston 
. * "Departrttent of Housing and Urban Development. 

M'inimum Property Standards 7 • • ' 

. 451. .-7th Street; S.W.. ^ _ • ' . ^ 

; ' , . .'Wa3^hirlgton^,.D.C, 20410 

(20.^)755-6590 . . ^- . • ' 

-h/: •* ■ " . • • ^- ■ • ■ 

* Fop-addltional information on the use of thermal ins«fai1on to reduce 



heat i^ss or gajn,^write br call: 
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Mr. James W. Ward 

>Ghicf, Electrical Diemonstration Branch 

Power Marketing Division 

TcnRfcstf^c Valley Authority 

40] United Bank'Building , 

ChaWiinooga, Tennessee 37401,. 
■ (615)755-2341.. . . . • 

Mr. Sheldon Licht - 
Residential, and Commercial 'Buildings * 
Office of Energy Conservation and Envifbnment 
^ederal Energy Admtnistration • 
Jen Franklin Station * , . ' 

I Wash i ngton, D.C. 20461 ■' ' ' , \, . 

*• ,. <v ■ _ . 

'X ' • ■ ■ ■ • * 

fo^n Moyers-^ . ■ * • 

Energy^ivisiofi. - \:- 

Oak. Ridge National. Laboratory * 
P.O. Box X . . ' . • 

Oak Ridge, Tennessee ^7830 
(615)483-8611 X 35722 i)r 31754. v 

Mr. Sheldon H. Cady 
Execut^ive Director 

Naticynal MinerahWooi'lnsulation Association 
21 1 East 51 St' Street 
New York, New-York 10022 
(212)758-5210 ; 

MU R. S. Littin 

Merchandising Manager-^ ' 
Home Building Products Division 
Owens Cornioig-Fiberglass Corporation 
Fiberglass Tower 
Toledo, Ohi643659 v : 
,(419)259-3602 ; . 



The Office of Energ-y Conservation in theTederal. Energy Administration^^ CV/c' 
has compiled the followi'n^ energy conservation tips for homeowners. 
The tips appear to be technit^ally and economically souHS. Neverthekss, 
all of these^conseryationj measures do not apply all the time;^ Common 
sense must dete|B^ine. wh\ch measures. shbuld be a'pplied in any specific 
case. These tips are ideal as"; '^envelope stuffers'* for mailing wjth utifity 
bills. Additional materials for a public hrifqrmation program, including a 
copy of {he Citizen Action, Guide to Energy^ Conservation, may be ^ 
obtained hy writing: . v ■ 

' Citizens'Advispry Committee on Envir.onmenF^I Quality \ 
1700 Pennsylvania Avenue, N.W. 
Washington, D.C. 20006-^ , - . , ^ ' * * 



Maintenance Measures^ 



Maintain an efficient heating plant. Clean heatiexchance surfaces 



anck^can or replace air filters periodically. 
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• .Repair leaking hot water faucets, * 

• Check refrigerator door gaskets for air leakage. 



• 
• 



No-Cost [Mepures^ 

■ ■ " -^^i, ' ' ■ ' ' 

• C)tiS(iit)flF rooms and closets npt in use. 

• ,ff,i^?^;^'"^^-^^^''^P^'''^^ winter to reduce radiate'd/heat loss, 

sunny days! Close draperies in summer to reduce solar ' 

.fe J^^f ^^^^''.'^ost^f settings during winter nights. 
.^f^^'E^ domestic hot water temperature to 120° F. 
•^|/furn-off lights when not needed! 

.•.;^%Iteset' thermos^ts controlling room temperatures" up 3° in 
' summer and djpwn 3° in winter. 

• Eliminate .gayyard -Rights. Ten gas lights use enough gas to heat a" 
home. 

• Do not u^ washing machines or dishwashers untjl a full load has 
accumuia(fed. . 

Reducepermostats to a range from 65°-68° F in the winter. 
Lower thermostats to 60° f when leaving home for one day or 
more. . , . ^ 

Keep the garage doors closed^ if the garage is heated. > 
Close dampers ccunpletely when the fireplace is not in use. 
Avoid blocking radiators .and hot-air registers with furniture, 
rugs, or draperies'. J ' 

• ^-Gq not use portable electric heaters unkss they are used to 

suppliement central heatingf ' . • ; \ . 

• Reduce exterior lighting ^^Qsistent with safety! 

Low-Cost f/leasures 

• Use light colored paints and materials on the roofiS 

• Use' stove hoods and exhaust fans in the sumrner. ' ^ . * 

• Insulate hot water storage tanks and bare pipes. * 

• Use the most efficient light sources. 

• Use lighter cojors on interior wall surfaces and furnishings. ■ 

• • Insulate heatitig ducts and hot water pipes which pass through 
.• unheated spaces. " . 

f capacitor ignition . devices instead of pilot lights for gas 

• / . appliances, 'Y^> . 

Add a . metal or aluminum-^foil shield' behind radiators .to>eflect 

* heat into, the room. . J ^ 

^ •/ Reduce ibulb wattage in .lamps and fixtures-to the minimum 
acceptable. / . ' . 

Low^ ta Moclerate-Co^t Mejosares (PaybdU' w/^^^^ . ^ > 

Weatherstrip windows and doors at movable joints. 

• Install storm v^indows and doors; - \ ' ' 

• Install overhead and sidewall insulation. Six inches'of insulation 
on 'the' attic floor, compared with none .at all, canUut "fuel 
consiflrnption by 50 percent. * . ' 

. • Close and seal all openings into the attic fi^om occupied spajces 
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Moderate-Cost Measures 

Plant deciduous trees or large shrubs around your home. . 

• . 'Ventilate the attic to expel moisture and reduce, tempjjrature in 
• , the summer. . ' . . • 

• Use high-efficiency air conditioners. . / \' ^ 

Transportation .cori^umes about one-fS'urth of the total energy used ori.a Public Transportation SeVvices^ 
nationwide basis. Figure 19 shows tl<e energy consumption of various "'■^ 
■formsof transportation. Around 95 peVcent of our transportation energy . . 

c^mes from petroleum. For this reasoil the fuel shortage experienced in • .. \^ * 

■ many areas of the country during the ^ter of 1973-1974 had its most . ' W 

visible impact on transportation. Since\there are .no alternative fuel 
sources for transportation available in thS^ immediate future, state and 
local governments appear to have ohl^hree options to pursue-reduce 

the demand for transportation, incre\(se the energy efficiency of existing * ^ * 

and future equipment, and increase the number of peiSple in each ^ p ^ 

vehicle. Each option is discussed below. ' ' ' "cv ' ^ 

■ ■ ■ ■ • ' ' '' '^ " * ■ ■ 

In order to reduce the demand for transportation, the placesVople live R^ducv^^ransm^rtaiiM^ 
must be closer to the places where they work,rgo to«school, shop, fnd ^ 
play. Energy conservation should be w^ghed heavily in planning for land 
use. Urban cluster or new town, con^pts which integrate l<fesident*al, 
commercial, recreational, and school m^s shotjid be^encouraged^lnaa 
similar fashion, high-density developments whi*;h facilitate c(^mUting 
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Figure 19! TRANSPORTATION EN£^ CONSUMPTION. This chart illus- 
strates energy consumptior^p|paMenger-mile for comrrjpn.passenger 
transpqrt^tion modes. Values are measured in BTUs per passengfer- 
mile. These values take into account the percentage of occupied seats 
for each transportation mode. '(Chart developed from ^information in 
Science and PubUc^fa/rs by Eric h^t,^973, p. 39) - 
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by bus, subway, or ,tra^n should dc promoted. Parks* v^^Jjjfn walkv 
bicycle paths on dedicated streets offer . a limited alt^rn'4' 
automobrle rrayel. Obviously, these measqres are Vong^ter(7>.* v; 



Increase Equipment Efficiency 



StatP and' local governments have limited authority; to r^qguTate;eDerg 
consumption ' of exist;mg transportation mofdes.; howcv^ry.yth'ey cah,?^ 
establish "and ehforcc speed limits and regu'liitq..t:ra fuel 
cconfimy for most motor vehicles is achi^'ed iji^.boa^^ hour. 

png ma.)^|rii urn; arid 




i|my , ' : / 

"Goyeriiments can- effect fuel ■ c9^scrVatiQn., 
minj^mum speed; limits,', as dictated by safet 
synchronizing traffic signals tp maintain a 40 
v^hepevor possible. State and local jurisdictions pan' 
information "programs to , encourage citizens, buf'i 
panies, and tax1';cornpanies to adof^t energy conse 
public informati6h progranrj cp.uld drav^ upbh the c 
, discussj^d in thc^'previous chapter on public fleei rfian 





leratio.ns,. and; by,: 
traffic flow' 
' Ush public ' 
bus torrr-,; 
asures.' A 
j^^TJeasures 



Vehicle Load I-^actors 



Automobiles: WQ^«?^jU^secl. for '97 percent .of: all ifAtr^oit^ 
ti^aveled in 19^6.; Autorhobiles ave/age 1 J^. pass^^riger^'^'^^ 
buseis ave'tfige .18.6 passengers per> trip. :^'utoniQbile£;F^ h^pa&^tei to ' ,: 
heavy traffic average about^ 15 pass'^fljgSr; miles i&er.^^ 
under the same conditions usually average at;1^^ fi^Sr$e^^|(^^^^ 
gallon."*^ Thus, any conserva^n straF^y Nyfvfch -icauses.^t^^^ s|a'Tti-- ' 

from cars to buses vyill significantLy>i[fyUG^^^^^^^ 
This subsection on vehicle load f^otpri^dls^^ 
or vans, Di|t^-Ride, arid bus expre^ls^^^'^j^^^^^^ 

One w.ell-publicized method 6f^j^^<|^ 
Car pool ryiatchlng- prograrrj^ havo^^^^e^ 

56 r ,a^*^^E(=r^eT.)^;t?)^ oy eesi- LocaL^. 

[cmerlatiOT aha jndgjtry in; thcS^i^; 



s|5onspred;*by a large, 
jurisdictions-can soli 
area by assisting^^ther^iJ| 

be. further encoura^e^jFl^pojftm^^ in touch withrojhens v^\\6^;. i / 

live and work nearby' ($jpp^i^^ 

tion hais developed a car^pOol^hiatc^ing^^^^^^ to ^||^ufj.such]^ 

The guide provides. information on three phases of;a car pdol' p|pgram;'*.7^^^^^^^^^ 

• ■ Collecting tinie-origin.-destinat.iQ.ij>it1formattop^^ ^ 

• ; Matchingaime-origin-destinatibrifteformatio^ii.an 

Distributing suggested pQol cbrnlJi/iations tor'prbsp^ctive partiCitrl^, ^ 
pants. ., ■ ::^v: ^' ^ ^ 

When^ the potential applications number fewer^ than; 300, a man' 
• matching technique is used; for larger numbers a computer program is 
available. . . . ; 

. ^ A communitywide car pooling program could be sponsored by a ■ 
local government as an energy conservation measure'or by a^ivic-minded ; 
enterprise such(^s. a. local radio or television station^ State and local .■ 
governments should consider allowing car pools to use bus oppress lanes 
on limited-access freeways. Government agencies and private busir»€sses 
should be encouraged to give preferential parking incentives to their car 
poolmg employees. For more information abawt. how to establish car ": 
pooling progranrisy.please write: \. 
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lETURN TO:: HHP , 24 



ROOM 3301 



' ■ " DATA FORM FOR , 



' ■ CAitPObL/eiJS'COMMUTER PROGRA^M^ . 



Q \ 

(NStflUtTUDNS: R€TURN ONLY J\{ii ' ' 

' ''AGP VyfTHfW .ONf W^^ ' . 

'U?\St CALi,502r^^ HAVE ANY- QUESTIONS K • 

> ^ ' 



Wo- 



SOCIAL SECURJTY WUMBCR /. 



•HAST) 
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HOME GRID NUMBER Usee MAPS;) 



PLEASE LOCATE YOUR RESIDENCE CAREFUiLY * 
ON THE CORRECT MAf AND PLACE THE GRID - / 
• NUMBERS HERE. - , ^ 
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ROUTING SYMBOL 



, '"W>JaT is YQUR . PRIMARY travel arrangement TO W0RK?(27) 



^■^1;-. . CAR.DRIV||^L^felO 
' . . . ■ CAR^^SijlJa 



bOsO - walk E 

motorcycle 

□ 



TRAIN 



SPECIFY 



DO YOU DESIRE TO BE INCLUDED FOR CARPOOL MATCHING? (28) 



YES 



Mnfn / REM 

— » \you 



REMEMBER THAT A "YES * ANSWER PLACES 
UNDER NO OBLIGATION. 



I* - '-tv 



Figure 20. CAR POOL MATCHING. This questionnaire, designed by the^ Federal Highway Administration, pan be 
- ^• ^ used as part of a public or privately sponsored car pooling program. Analysis- of the qUestionriai^s can 

j i'-. :. . ..P^^ commuters who live and work in the same vicinity in touch witfe one another. (Courtesy of Federal 
. ■ Highway Adniinistriition) , *. 
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Mr. Lew Pratch :^ y/: ' 

: Urban Planning Division ;: 

.:..HHP26. , . ■ .'^ ■ : '/ 

Federal Highway. Admlriistratmn;- v 
Department of Transpprtatipn . , 
^ , . 400 Seventh Street/S.W. - , 

, Washington, D^C/20590"^^ * . . / ■ ' 

One problem with car poolingis that there must be people willing to 
use their personaj. lautompbilcs to transport others to work and back 
home. This problem is sometimes overcome by minibus or van pooling 
programs. Both -the Tennessee V^^lley Authority (TV A) Employees 
Credit Union and the 3M Company Have van pooling programsfor their 
employees. The TVA Employees Credit Union Ifeases six 1 2-passenger 
^vans from a niajor leasing agency. These vans are loaned to responsible 
drivers who agree to carry ten subscription riders per day. Van pools are 
organized in small geographic areas in order to minimize passenger- 
collection times. Riders pay a daily fare ranging from 38 cents to $1 A5 
depending on the' distance from their homes to work. The fares are 
sufficient to pay the leasing charge and to cover fuel costs. For further 
information on this unique van pboling program, write or call: 

Mr.- Dave Burnett 
• TVA Employees Credit Union 

507 Market Street 

Knoxville, Tennessee 37902 
: (615)546-8911 i 

, . In Northern Virginia, the Shirley Highway Express Bus project 
demonstrated a coordinated strategy for luring commuters from their 
cans' to buses (see Figure 2^). The e?<press bus project features an 
exclusive bus lane in the freeway median/^1^ priority lanes in the 
downtown distribufron area, fringe parking facitlties coordinated with 
the bus. service, and bus servicti.exten$ions to additional residential areas. 
The express bus reduces travel time intb-downtown\Vashington, P,C., by 
10 to 15 minutes. This express bus service has attracted many new riders 
and has reduced commuter automobile travel by about 3,000 vehicles. 

A similar program in the San Francisco. Bay Area gives priority 
treatment to commuters using . either buses or. car. pools. This program 
reserves the toll plaza center lanes servicing th^ Qakland Bay Bridge for 
buses and car- p^ools during rush hours. More than 20,000 bus passengers 
andj§,DOO car' pool passengers-use these priority lapes. This project cost 
less than $100,000 to start.^^*"'' o 

^ " Contra-flow ' lanes* provide a; method, for establishing exclusive bus 
lanes without expipnsive capital iriivestment in new highway construction .t. 
Contra-flow lanes simply reverse the flow of traffic" in the special bus 
lane. They have been used in Dade County, Florida; and'in the New 
York metropolitan area. For further information about thie^ express bus 
and car pooling lanes'On freeways, contact: . ^ • 

Transit and Traffic Engineering Branch ■ ^ . - ^ V 
' Ur^Dan Planning Division . ' v> 
Federal Midway Administration ' ' . 

■■■Washingt^ ^' . - 

(202)426^10 
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Figure 21r. EXPRESS BUS AND CAR POOL LAMES. This 1 1-mile long facility 
i from Springfield, Virginia, to Washington, D.C, /^commodates 

16::€00. round-trip passengers on 300 buses daily. Since many of 
these passengers would otherwise drive their own cars, exclusive bus 
lanes are a means of conserving energy. (Courtesy of Federal 
Highway Administration) . . . ^ 



A demand-responsive bus krvice knqv^n as. Dral-a-Ride offers^ 
- anotfier strategy for encouraging C9mmuters to switch from automobiles ; 
to busqs. A Dial-a-Ride program offers mTni'bus service for up to 20 
peopkj in direct response to t^elephone calls from prospective passengers. 
"fihwelephDne caN handled by a ce^ntVal rad^o dispatcher much like a ' 
r^ul^r taxi service. . * 

% There are- no about ^0 Dial-a-Ride programs operating on^ a. 
" nationwide ^basis and about 30 more programs Iq various planning stages: 

These^ programs have been used to provide public transportation where 

.none:^existed before or to replace unproductive fixed bus roufe.,. 

However, the most common application for Dial-a-Ride servide is tojk: 
. as a feeder to .express train or bus; service. Regina, Saskatchev^n, 

experienced a 30 percent increase in transit ridership and a 50 percent 
;/decrease in transit operating costs by converting ^ local bus route to -. 

express service and using a! Dial-a-Ride service to %ed the ekpress bus ' 
■service:'*^ The primary advantage of a D.ial-a-Ride service from an energy^ 



conservation pgrspective is itSMpers9nali2:ed character whigh encourages 
people tto switiih from automobiles to bus 
about Dial-a-Ride-minibus services, contact: 
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. " Office of Public Affairs ' , ' . -^^'SV ' 

Room 9330 ' • ' 

; V ■ ^ Urban Mass Transportation Administration L:^ . 4;;^^".; . 
. Department of Transportation 

400 Seventh Street, S.W. " - . -^f: 

Washington, D.C. 20590 
:/■ > \ (202)426-4043 

/* C//crA7/.s:r The energy conservation measures outlined have been compiled frorri' 
several sources. These suggestions appear to be sound- ^dth technically 
and economically. However, state and local governments should evaluate 
oach measurje^^^on its own relative merits. In. some^cases, a detailed^ 
cost-benefit "Analysis* should be made to help determine whether a 
• specific conservation measure is warranted: 

Regulatory or Persuasive Measures . . 



^0 



Sponsor a public informat^ion program to encourage citizens, 
■ "'j^i^i busincssnrhcn, bus companies, and taxiscompanjes to adopt energy 
\ conservation measures to help save gasoline aTTcl-diesei fuel... 

.Encourage the siting of large commercial . buildings near, public 
transportation facilities to decrease dependence on private 
automobiles. * " - 

Encourage urban cluster and new town ..developments which 
integrate residential, school, commercial, and recreational^uses to 
decrease. dependence on private automobiles. 
Assess the relative merits of sponsoring a Dial-a-Ride minibus 
service. . . * . - ^ . , 

Encourage commuter xar or van pooling. • 
Encourage large employers- to siagger working" hours to reduce 
rush-hour ^traff ic congest'ion.**' X ^ ^ T • 

• . Establish ' both minimum and'\ maximum speed limits where 
. ' Appropriate. Synchronize traffic signals totnaintain traffic flow 
^ at 40*'mph when appropriate. Automcfeilc gasoline efficiency is 
\ greatest at about this speed. 

.« ■ . ' ' ■ ■ , ^. • 

Moderate-Cost Mepsures --^^ . * . 



\ ^ ' * Establish .exclusive express lanes on freeways for buses and car 

.vr ' ■ . . pools..'; . ■ ■ ' . 

* ■ • • Develop new fringe parking areas for commuters who wilT use . 

public trarisportatiprj. , i 
Provide exclCisiye bus lanes and discharge zones 'along streets. 
Develop bicy.^je paths and pedestrian walks to provide, an 
alternative to am^^ 



Industrial- Energy Use Industry in the United Stat;|s/accounts f^^ 

, _____ energy consumption.' Accof|^j|g'to the NationaiyBureau of Standards, *'lt- 

: , has 'been repeatedly demOn^ii'it^^^^^^ 

/ energy use (in, industry) bV .l^:|o 30' percent, or more, with justifying 
' '-" ■ ' ( . cost savings. ''^/^ Since industrUl';o^^^^^ 

hot attempt to list, specific industrial energy conservation measures 
Rather, this section presents the necessary information to/assist the local 
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.and state governm'^rit administrator in developing an intelligent energy 
conservation policy for ihduatrie$. . *, 

• The Ford Foundation Energy Policy Project estimates that through 
short-term measures requiring little or no capital investment, industry 
can achieve energy sayings ranging from 10 to ISl^ercent.^ ^ The 
' increasing price of energy wilT motivate many companies to initiate 
energy conservation measureis in their own self-interest. According to the 
Ford Energy; Project, *'the industrial sector is probably the 'most 
reisponsive to the price of energy.';.. Hence, a general, goverhmlnt 
policy of regulation or compulsory energy perforrna^ce standards would 
. appear to be unhecessary,. difficult to administer, and, perhaps, counter- 
productive.'*^^ However, there are several things which local and state 
governments can do, to encourage industrial firmsto initiate conservation 
measures, particularly measures involving technological innovation and 
.capitaljnvestment. 

First, a government-sponsored program to disseminate information 
about new enbrgy conservation technologies and processes would be a 
significant boon to sinaller firms which often have little access to such 
. information. The [\^,. National Bureau of Standards in cooperation with • 
the Federal Energy 'Administration has" recently published Energy 
. Conservation Program -Guide for Industry and Commerce (see bibli- 
ography reference 8), a guide , to assist business and industry in 
establishing an on-going conservation program. This document outlines 
the steps Jn such a program artd suggests specific ways to^'reduce energy 
use in manufacturing and commercial businesses. It also focuses on. 
energy conservation opportunities which have already been identified by 
industry and have led to energy cost savings. 

Secdhd, should explore the possibility of long-range 

planning' for conrbined power-steam* generating systems. This would 
mean locating electric power plants in -the vicinity of industrial plants. 
which could use the waste heal thai would otherwise be discarded by the 
power. station. When electrrcity is generated alone, only about 30 to 40 
percent of the energy content of the fuel is converted to electricity ; inv 
combined systems,, where the waste heat; is used for industrial ^process 
steam, ^about 80 percent of the available fuel energy is used.^ ^ Combined 
Ste^m-electricity . generation can be fostered either by * encouraging i 
mdu^t.ries to locate- adjacent to the utility 's power plants, in so-called 
energy-industrial, parks, or by providing incentives, for industries -to 
generate electricity on-site as a by-product of steam production. 

Both .methods rciquire. gqvernmtJnt involvertient^ Energy-iridustrial 
parks require ^tensive I^jp5-range plattflLng and coordination, particularly 
becatjse electric utilitiesrequire such a' long time, (eight to ten" years) to 
bring a new power station on-line. ^ 
. The Transportation and Regional Ptanning Division of the New* York 
•City Planning Department has been exploring the potential for energy- 
industrial, parks in New York. Fev^, if any, other jurisdictions have yet 
attempted to apply this concept.' A major obstacle . to the wider * 
application ~of-on-site power- generation- by industrial plants is the 
uncertainty about interconnections .\Vith the utility distribution system. 
This obstacle xould , be. aiU^ Local public utility 

regulations requigijg interconhecti.ons atTeasofiable rates. » / 

'. For additional infoi^mation on the planning implications of energy- 
industrial pajrJ<6, please contact: ' ^* V 
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Mr. Robert Tanenhaus , . V. " 

• - Energy Planner " - 
Transportation arid Regional Planning Division . 
Department of City Planning ' - 

2 Lafayette Street: . ^ 

Nevi York, New York 10007 / ; i . 

A third area of potential , state and locaF government involvement in 
i'ndustrial energy conservation is primary materials recycling. For seiveral 
primary metals, a finished product from scrap or "recycled" metal 
requires significantly less energy than from the primary ore. Recycled 
aluminum, for. example,, requires onhy 5 percent as mudh ■ energy to 
process as aluminum ore.. According to the Ford Energy Pro^ectJ, **it is 
economical today' to recover ^scrap metals from municipal wastes 
wherever incineration is the only^ractical or acceptable disposal method, 
for solid wastes:"^'* The project predicts the growth of a large-scale^ 
metals recycling industry "1n the United States over the next decade " 

. :■■ ■ ■ ■ ^ J ^ 'X\ [ ■ ■:. ^ • 



VI. 



B.ECTRIC 
UTILITIES 




State ajid .local gqvernmients should' include'public electric utilities in' 
tfieirVmmunity energy conservation progranris for a nurrvber of reasons. 
State governments regulate utility rate, structures, thereby influencing 
both eitergy supply apq|p demand., County a;nd city^ governments 
: occasiQn.ally..,i;ind.themselv!?^ arguing before a state utilities commission 
'^^^egarding ^ proved changes ir> utility rate .^structu^es. State and locaj 
governments .influence electricity, consumption patterns v^ith various 
policies that relate: to ta-x ^ncentives and- dkincentives, pV^^ 
activities, and consumer education. County and. city <jgbverrtments are 
responsiM^ for street' fighting. In addition, ab0ut, 2,000 .'[^^^^^^ 
^bperate their own electric utilities«--This ^ch^tGr^disipsses efe^^ pov^er . 
;dem|n(f{ utility regiilation,' joint purchasing\; and" ;^istribution, plant 
^equipment, and street lightirl'g. : ' ' - v : ' 



■ . ■'■ . ■ tT^ I ■ ■ ■ - ■ . ■ . .._ 

State and lotal governments have^seveVar options aVailabl^ .t^them to ^^tons^jiier Dema^^ 
;'^ncouragG electric, p'ov^er savings, The^e energy-saying opti^Qf^ relate to - ^ 

public educatior^,: commercial /prornotipnal activities, .|ove^^(?nent tax 
"Incentives and disincentives, and rate regulations; V ; '^/'n /.^ . .. ' 

Local governments should sponsor cdrtsun^er education- p 
feefited . tov^ard electric ' f5o\\^er ■■cpnserv^tibg^^A 
^m^ram could- be very irraportant; tWjurisdrct1i|ins: operating 'theit dwn.^ 
i%tri.c power utilities.. The Seattle'"^(Gity /L^^^^^ recen^ 
^iat'ed an inriovative energy. . .conservation prb^ 



^^Kill-a-Watt.^' The 
•feelov/: • 



^. p/og^am''s consu^rle^ education ac|iyi ties/are 



outlined 



• Consu mer advisory team s;, have begn formeci ' to help educate 

residential,v.industrial, .an<i .commerG(pl.Gusjomers\ These advi^^^^ 
. ^^ft^arns draw upon 5uch ekperienc&d Jier^ns^^ 
. ;':;5efvice representaitives,, ^'plfancq,. sewcemen; jpcfc^ 

■■ \engineers) a^ 

U ,such things as ijisjulatip^ appliknce caffe,'; 

sefvice capcicity, and in^ conseryationv v ■ ' ■ , • *' V 
^ tel.ejDfip^ toye been estabhshed. ic)nVmessage 

• s^ic.e^gives the lisfener'tips'oh how to^con^rye eiearic p;ov^er and 

; tells where, to .write *for; more 'conipleteal^^ 
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; . . . V 4^ "Vr ' . . ■ . rne^age service logs customer requests for an energy specialist to 

• Some hints -for energy ctinservatioh'have been prepared ' in decal 
' form. These are distributed by appliance servke repairmen and;. 

■ .'electric service r^preseatatives. Special notices ab6Ht. the. energy ." 

. conservatic^- program services '-^er^ mailed^ t 

■ • ■■ ^ , ^ ' ■ ■ ' \custorhefs.''. . • \ -,, , '■/.■••'' \,\ * 
" '■ ■ . / ' > * • All. State governments and -same Igcal governments have authorityj^tp 

.V >. . ■ * . v. . regulate promotional advertising a^rid productJabeling, These govern-" 

' "v. :• • *.. , ■■• ments should explpre the apprtipriajte . use ^df. these police pov^ers for 

■ ' . ^ ; 5^ . cbns'^Tvifig. elgctrig power. Ne.W York Cityy^Tpr^ 

" . . that , air cbnditioner^abels contatri data QH^ 

... • .. ■ Stat^ and local governments ^should al^^^^ 

. ' . ' •■ ■ .> ,;* • - ta^^ incentives or. disine€ntT<^es to enco^^ 

. . ' ■ ; • Veaflier,; the state o/. Indiana offers 'a i Pgal . estate ta^^^^^ 

.. • .. ■ " \- utilii^irig s^^^^ public -utilities acVoss" the.' 

: • >/-*^^ -^Daniry. offerMow of 

• ; ' ^ ■ ■ : ' /.\ ^. ,V energy. The*Michigan 
, -i ' ' '.• ■ , . . . eonsolidated ;Gas Cbmp|iiy/}fbr^^^^ 

; *. . ; . .; * f^^^ loans to Jibmeowner^Jpr ihstal homes: • - 

• , : Sfate and local .utility commissions should considijr the possibility of 

y allowing utilities to include, in their. rate ha$e/costs incurred in*redu.cing 
; . " ; the demand, at the point oT 

' * .supplying electricity^the utility, wdujd also fe^^ 

; . ■ and storm windows to. its customers. The result Would be eq^ 

an increase in suppl^ facilities at. less capit^^^^ 
: \ f , . - utility could take* a hnuch mor€ 'active role in Vrp'rnoting better energy 

'\ ■•]' • ■ _ Utilization.-' - . . \ , . •"; 'i ' <' .. 

. '} : ^ ' . . " Apartment d\yellers can be encouraged ,ttf u^^ 

■ ..' * \ . ; by providing ^or individual . metering:, pT . each dW^ 

. ■• rViultiple-family residences. Several st^e goverhraerf^^ 

> . ■. ' <- . ■ . ind.iyidually billing; tenants jn npu|tifamily d^Wellfngs for their electricity 

• ' . ' " \ (^onsumptipn,. This prohibition - tencfs t6 i?ro.mote excessive .electric 

■ . ; /■ • / , < ; ..cpnsumptior^, si,nce the tenahts'do not djrectLy^p 

; . ■ . . . Federal. Ener-gy Administration js ; currently, studying the impact oT 

_ ..^ , * iTidividual metering o.n-^l€ctri6ity*consumptioa.; \ *. - • ' 

" The reader who wishes';tp;^ p investigatipn of 

? . / . ■ energy conservation '.measure's to reduce electric'^ power dejnand .should 

. / • .-^ ^- . , . . ' . --ciontact appropriate sources lasted: , ■ . 

:<r" • . ■ ' * . " Mr. Mjke Sharar 'J'^- . ' . • * 

■ ' :* . / : " * Director of Community Relations * , ' '. 

•^V' A-; . ' ' , ' . Seaftlp Gity Light Company *y - y'-''- ' '-'^ ^ " 

' , ^" • • ; • . . > IOV5 Third. Avenue ^ : K ^ V" ' ' ' ' ■ 

'.^ -^ .^ v • • : • ' Seattle^Wa^^ingfon 98104 ; / : V ' . . ' 

: ' ■ ^^ '^ ■ V - ' (206) 447-5 1 1 Ov f ^ ; • . /" ' / ' ' . " - 

. • . , . . Mr. .Dennis Sudheimer ' ■ ^ . . .s, . • 

Energy Cpnservation'C^ordinator v ; '^^ ' . ; 

. Michigan Consolidated Gas Company ■ ' , ^ 

; ^ ■ •• : / One Woocivi/ard Place j . ' • . ' ■ 

■ ;. ' ■ ' .:E!etroit, Michigan 48226 ' \' ' ; * 

■ ■ r: 'Utility Regulation and pectricity . S ^.governments:' can exercise, a direct impact ' on electricity 

• .% ■ ' - ' • Pricing . consunlpifibn through tlie authority of their public utility ebmnnissionsV 

ERJC> - V : ■ : , •■v.. ■ ::,-v'.:..9S . ■■■.^ r. 



Tl^'e«e;.regulaim^ charged by electric' 

: "t'^:lB^^^^^s'e^t«i|.,,r^^^^^ to .cover>x;osts and allovvihg Aese "natural 

fSeyel^l.- pec«Jnt' studies;-;]^ the 'Fol-d- Foundatfon Energy Bolicy 

/roject »haye,;.c.on9luded;,^^^ rate sctojlgs used in^ most states 

actiiallY encourage;. in<:reasedVielectricity :j^ 5 jjie most 

,^Ldejy/used;^lectrkit^^^ 

vuse of filectncityi the-ra lower the unit price. This rate 

. strg^iire, tli^e. ''declmih|;t,i;bc1<v|3te':; system, g-enefally ch.arges.one price- 
: Ipr^^the first 250-iijlowak'J,^^ 

-^'•'^ '^'^^ ie#?per,kilQwatt;ho'ur-than smaller users the 

h.^vWFiiJe these .:p1;dm^tip rajes- reflected. |he trend . of'- electric :.ppWer 
- industry costsi^ this is 

W longer :|f^i'case/T 

preserit.rate.ffesigns^^b^ 

^eductions' f®r ,liig|T^^^.nsumpti6n; 'force oyer-expansion '.of generating, 
■xapaeity . to ^meet; thp1ncreise4^ de[ni^ :^at thfe declinrng 

block' rate ;sy stem ac^t-^y^: Jij^^ energy ^conservatio.rt, five, states ■ 

have already .taken- acttpn ^ii'o^Vf^^^^^^ 

charge- the- same price pei|1(Wh for. large .consumers ,a=s-for small). These 
are.Wftcp.nsin/New V^j^f^^^^ ; ' - 

. .Therfvhave been^ s 

consg^ptioh .• Unde.nilihding' -the , nature of -the- reiatronshif^. between 
pn.ce and. growth, in A%tri.c*|. demaod is essential if "public utility 
commissioViSvare to usev^hrir. rate-sttting authorityi-tto pVSmote energy 
conservation,.'f h5 National 'Science. Foundation RANN prqgr^ has 
sponsored research at the:,€^^k Ridge NatipnaliEibbratory to <ievelop a 
methodology fof.' exani mia^^e.' iriflu ence- 'oT- public pol icy on fu tu re 
electricity demand." , Therfes^aVflers: hay6 '^bveloped 
(statistical) model >hichVelifesJ^ideftiiil; 6*^mme?cial ; and -industrial'' 
demand for electricity to factors ^ influence ^^row'th in", 

demand :• ()opulation; disposaWft inconxHrthe^. price of •electricity;'- the 
price of natural gas (a.partiai .s'ubsthute'for electricity)., and<the price of 
electrical appljahces. The; mbdej .uses data from 4f states' for tKe period 



1947-71'. „ 



: The..signifitant .finding \)f the ,pak Ridge njodel relevanl to regulatory 
commissions 'is deterniin^PQ.^^ of 'MoCig-run ' elasticities'' (a m'ea^ui^ of 
responsiveness of -one variable to changes .in anothej-j..for':electt^cit.y 
derh^nd in. rejatfoh tQ^ tfi6-.'price of electricity.^For.residential customers, 
It was found, ^■rCJV)erceat iqcrease. ii) pric^. would eventually iead tb a"l 2 ' . 
3erfebt/decr:eas€ ^n dejTiand^ the, other vaii-iafel^s -^were .held 

;onstSnt. The response'of -course woul'd not be-immi^ia'te, but tlfe 
-ese^rchers vytfre ^ble to;predicf that-half of the demand (Auction vvouid 
3ccu.r,,in :the,;fji;st lhree yea:re,^^ l^or: cpmmercial -cu^mVrs, a ie:percent , 
.ngrease :in..,prfee.\yould tb:a H p'ercent redUjCtibn "in dBmand,'and ' 
■or-.-. industrial .custome^^^^^ -5^: 17; .percent. Both ■ 

ndustrial and' comrrtarqiall.custonTers would respond to'a bYice change ' 
vithjn/the; first year: :^ ' / ' ■ V . ' ■ >1.v 

,• ;• A' fundamenl^l^ problem'.' Gohfrontii^' electric . utiiitiesi\is' tnev^ehs 
ie.mand. ElectHcity demand -fluctuates .by .■.season ahd, even? by 'hour^'.:' 
l.uripg. the day. Electric ..generating equipment must be dfegn^d -to 
iccommodate the "i3eak^lQad'';;periodsV eyea 
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not needed at^other times. '^Without ttie extra capacity, .brownouts 
'•(reduced power at pedk tirnes) occur. In the United States, u^tilities have 
satisfied thqr peaks in demand by relying on special peaking generators 
(generally gas turbines) which have a highef energy cost than base-load 
'generators. Als0, during peak-load periods, older and less . efficient 
gener-ators must be brought, on-linp. For these reasons, it is highly, 
desirable to entourage consumers to u^se less electricity -aj peak hour/and 
during peak months. Then the' peaking- genierators would not be needed 
and the overall energy efficiency of the pow^r gerieratipn system would, 
be improved. .'^■.'^ \ 

Two^pp^oa,ches have* been considered for reducihg\peak loads, thus 
smoothing the de/nand -curve: . . 



'•.Peakw^id pricing— a time-dependont rate, structure that charges 
;^more^TWLi|electricity consumption • during peak hours; a nd Lpeak 
months wto * " 

• Renrote-conirolled load management— diversion of part ofthe peak 
load by tischnologi^at-mearis.to off-peak periods. 

^ The first approach, p^-load pricing, has not generally been used in 
the United States but has been 'employed in Western Europe to shift . 
some of the load wViich would normally* occur during peak periods to 

.night-time, low-demand Hjeriods. In France, for example, one class o|F^ 
customers is charged \Ai per kYh at ni;^ht but 9.6^ p^ kwh during the . 
dary. The/iniipact of this time-dependent rate structure)On demand is ^ 
beingstudied by the National Science Foundation. 

In Wisconsin, a seasonal rate structure -recently has been instituted by 
which sujimer electricity prices are about 2Q percent higher than winter . 

jprice^. The v^idespread use of air-conditioning has. led to -a. peak load. • 
throughotfT/tte sunnnrr^ program is- novj^ being 

conducted in Wisconsin to determine the impact qf a peak-load system 
ofr pricing. Customers will be billed according tf the coincidence of their • 

"use with the system [s peak; This will, reqtiifce the installation of a special . 

;time meter in each hrome and business.^ ^ v % / ' ; 

The second ap^proach, load man3§ement, h^s been useci'by'th? [jfetroit 
Edison Company.f^ In the OetroitY^tem there, ife 20*i,000 electric^ ^ 
water heaters, each) requiring about one kilowatt of power. Each has • 
. been equipped with a r^dio-cohtroRec^cutoff switch. At a beep fronT^thi^V / ' 
company's computer-cpntrolleti^rfiyio transmitter, any or' alii of tKe .-: 
heaters can be shut down'' instant^, releasing up to a maxirhum of 2®>, 
megawatts of .pow^r to, accommod^Lt^, peak loads, save operation of - 
higPr-cost fu?l generating equipment, or meet a system emergency. " .* 
. From the .utility's^ vievy, v^ater heaters are an ideal . part* of t4ie , 
household electricity load to be diverted. They draw a larg^e amount-qf- 
. current, are subject to a> separate cutoff switch,' :and tempprj^fy • . 
disruption of sei-vice caijses a minimum of incdnvenience.. .:'t^^^^ 
customer. Each customer is guaranteed at least 20 hours^ oper^tid'n in a ^;'^^ 
day. The instant cutoff switch/ instaMed origifially for $45. each,^fe 
one kilowatt of^enerating (japacity for use elsewhere. New generating 



fequipment would <cost from 1300 to $400 per kifowatt'of capacity and 
take years tp.build.y . ' ^ . - . • 

The^eader who wishes to pursue a more detailed' investig^dn of the:' 
.relationship between^ public ^ electric utility regulation and ^fiergy >. 
co'nservation should contact sources listed:. / 
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Mn. George B(j^ni\er^ *• . . " 
Di^-ectpr, Energy Division * 1/ . 
r^Iew York Public SerYice Commission 
HoHand Avenue . 
./ Albanyv New York 12208 , . • \* 

7j (518)474.544^ ^- - ^ 7^. • . 

j. .; .Offi-ce of Systems Integration and Arfalysis ■ . 
: National Science Foundation - .^, " . ■ 

. ■ .1800 G St„ N.W', ' ' . ' - . • • ' ^ " 
' Wash'ington, D';Cy29556 \^ . 

(202) 632-4&:32 ; ^ . '' . " 

jFor more.information- on. Wiscor^sin's electricity pricing ^and experimeti^^ 
iin .time-of-day metering, contact: ^ ^ ' ' 

tj; Mr. jamesTannec * * ' * ' 

Adrriinistralor of Piibli;: Utility Rates'^ ( 
. Public Service Comrnission of Wisconsin 
' / Hill Farm^ State 6f/ice Buflding . . : . 
V* : Madison, Wisconsin 53702 • . , . * 
• (608)-266-1265 ■ . V • . ' ' ' ' 
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Puyic electric tJtilities can reduce aHe^ costs ty jointly purchasings Jomt Purchasfng and Distribution 
fuel in larger qu^ntitt^s ; than; w^jd j^^^^^ any single ./ : , ' 

government. Joi^t agreement^'f^ of felectric pov^er in bulk v- • ' ^ , v 

. have been used by. cities in jll^ . ... ^ • * ' " 

substantial cost .savings, i^blic^-^ could also join tagefher" tg ' • ' /: . • 

■develop av com^mon ■ e^gy ;5bu California Pov^er ^ r. 

AgeJ^cy As a;^^^^ 6,f- ^ joirtt agreement by i f citie^ and the . : • • 

Plumas--SierTa ^ f^u^ harnes^s \h'e geothermal • . ^ ' ' : \ 

resources in:tl^i^gioh fbrelectric power production. f ] • ^ . ^ - . r 

Rublic^^-^g^ should also ^ consider using i'riterrupttbfe sales ■ V^ .: ' * > - 

^f'^^n^^jjt^ An- interruptible sales agreement specifies that when the . - : J . / : . ' .. 

ti)tal:;^e^ exceeds 3^ certain level, service ^v^ilt" be ' ' 

^atieally dii(cohtinu^unt| the peak demand period passes, these 
ag;?<rements offer^a mea'ns olS<^ demand, fheireby enabling the 

itvi to ^e.d.ute its pe^k g j^^ng capacity. Whije this is ffot a pure 
•energy consecva^tion (p*<^^^t W a. utility to lov^er power 

/|during. peak loads and i.duxiliary:,generator5. 
Ijnterruptible. sales agrc-er|ents' ^t^niost^ e there is a single. 

large electric power consfumer such as:a metal or chemical plant in the 
. community... 




Electric powei' generatiiirt' presen 
primary .fuels used natioAwide^ 



• of energy consumed for 
;t?y 1990 (to 4T percent 
: plant efficiencies*increase 




consumes about 26 percent of the - 
^d on current projections, th*e amount^ 



Plant Equipment 



elettrt^power generation is expeaechtoTrriple 
of total energy consuj;nption). 'Electric power 

■ , . r .--^_^.ja from an average of only 15 percent in 1900 

. to^ 33 percent in 1 9^5 duV^to. technologicaF|rnprove'ments.^^ However, 
average fuel conversion efficTency ha^s.. declined slightly since 1965 
• because older, inefficiient plants have b^r? pressed into service to meet 
peak-load i;iemands ^during summers, . the U.S. Office of Emergency 
Preparedness, in "a 1972 report on energy conservation, concluded that 
there are esseritiairy no means for making pajor improvement? in fossil 




"I 
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fuel-fired ste^m turbines at the current state of rn etallurgy, technQlogf^^ 
However, th/ere are a/number of op^ortunities'for electric utilities !to 
increase efficiency as old equiprrrent .rs replaced or capacity Is'expandecj. . 
Greater eff/ciencies can also be achieved throijgh coopWative agreements 

• that allov^ Economies of scaie; ' ■ \ r 

There are three (ypes of turbine generating units in use today— gas, 
steam, an,^ combined cycle. Gas turbine generators are used for meeting 
peak power demands becaUse they can' be started and-stopped quickly. 
Gas geri'erators use naturar»;gas or low-sulfur fuel- oil distillates, tas 
turbines are. too expensive and inefficient to use 'for base-lo^d generation. 
' Steam /turbine generators produce about t^Yee-^Liarters. of all ^electric 
' power/on a nationwide basis. Most steam turbines, are powered byocpal,* 
^ but mfany plants have b^en switching over , to pet/oleum because air 
qOality standards preclude burning highi-suffur coal. Combined-cycle. 
' generators use both ga^ and steam turbines. The base load power is 
producedjby the steam turbine, . while the gas .turbine' is used -as a 
"topping" unit. Hot exhatrst gases from the gas turbine are Used to-pither 
boil water or -preheat air for the ^steam turbine. Combined cycle 
generators have two advantages over steam turbines— ,they are usually 
more efficient energy users, 'and they cari 'be installed'in less time. Their 
construction cost is also conlpetifive with steam' turbines. Additional^ 
inform'^tion^aljout electric power generating equipment and' practices can' 
be obtained by writing or calling the organizations listed: 

Public Information Represeritat.ive 

American Public Power Association ; ' • . ; r ./ 

. 2600 Virginia Av'enue^ N.wl \^ \ 

Washington, 0.C. 20037 ^ . V ' >. .^ 

' - (202) 333-9200.. 7 - .^^ ; ^ 

Edison Electric Institute . ' ■ . ■ . ' ' 

9Q Park Avenue • - ' .v\ . ■ 

New'YQrk,N^w York 1001^ ; \ * " ^ . " 

\ (21 2) -573-8700 \ r ; i; ? * : . 

Anothbr electric, power sourcQ that local govern^nents' should know 

• about is the fuej cell: Fuel cells are.devices which produce electric power 
^v:directl>^'fr^ by a cWemical reaciion (see Figure 22). .Unlike most 

generating \systeins, thesef' devices , dp not burn the fuel *br require 
. generating' machirl'ery sLich. as turbines, since their. basic>ptocess is 
electrocbemical. F%r^t employed as a source- of * electMtity (during the> 
space program, fuel ceilS are an efficien-t means of converting the. energy 
potential of fossil fuels directly, to electricity^^ . - 

Fu^ cells ''fe^ efficien,cy ,. in ^he, order of 45 

pertent, using /conventional; -fuels (heatmg bit or methane^. . First- 
gen era tj on plants, are expected^to operatetfaj. about 37 prercen.t efficiency-. 
Fuel cells appear to offer the greatest^p^fentiaj as peaking units^ since, 
. they are more efficjeht /than, gas turbines^. .They also will be a suitable 
way of generating power, bn-site f,or office complexes, major .institutional 
buildings, and miJltiple:family dweliihgs.;)n. ttife way, transmission fosses 
would be recfuced; -y / ; . ; • - ■ - ^ . - 

A' fuel celL:po\^er pliht consists of tP|reCrComp*orieaU— a r^forrHer,. a 
^.fuef cell; and an inVejier... The reformer ;is a deviGe;:Whicb' breaks the 
J ^ primary fossil fuel into -tiydrogen and taj-bbn diqxid^.^^e basic fuel cell 
".. com bines the hydrp'gen with' oxygen tb pVod^ direct (jurrent iiDC):.The 
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Figure22. ELECTRICITY FROIVl A FUEL CELL. A fuel cell produces 
electricity;^ by an electrochemical reaction In which hydrogen and 
. oxygen^ombir>e to produce direct current. The^ energy produc^pJ is 
tappetl by placing an electric load, such as an electric light, in the ^ 
circuit. Fuel ^efls generate electricity mare efficiently than do 
electric'power plants. ' ,* 

oplyi by-product of thus chemical^^reaction is water. The inverter changed 
the. direct current .t(i alternating current (AC) for transmission affd 
*yrstr[bution. ^-^ 

Pratt and Whitney Aircraft Company has been engaged in- a $42 . 
miHion develbpmerj^^ program supported by nine *' eiectcic utility 
companies to pro(|uce a 26,000-f:ilowatt fuel cell power plant. This 
would provide adequate electric pbwer for a community of 20,000 
population. The fuel cell 'power plant is to be demonstrated in \911 and 
. . to go into production in 1 978/Such power plants will .cost.an estimated 
$5 million each. 

The Office of J^l ' Research and Westinghouse Electric Corporation 
are developing , a pi^totype. l OO-kilowatt fuel: cell ..power'planti This . 
power plant uses a high-temperature gas reactor to gasify coal, producing 
• hydrogen. The hydrog'en is'tf^n- reacted with air to produce water and 
•electricity. ^The only by-prodi|tts of this type of fuel cell are carbon 
dioxide and water. 

Fuel, cell" power plants appear to have several advantages over ^ 
Conventional power plant^/ Large-scale fuel cell plants wilt probably be 
j^conomically attractive— actually producing electric powfer at lower costs 
* than future conventional power/plants. Furthermore, fuel cell f)ower 
plants* will require ■ relatively little space, they, do not pollute the 
- atmosphere^ they are- noiselessj and they will, require a relatively short 
lead time; 5ome experts think fu^^ ceMs, when comfhefcially available, 
V can be instalF^dTa^vd operating in as ' 'i' . , 

State and local W investigate fuefcell technology 7 

^^.nlbre depth shoSld con^tact the follow V 
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Mr, Ci^rle MpiUill * - / ' 
Fuel Cell Matkeijng'DiyisiQn 
Pratt and Whitrtey Aircraft Company 
P.O. Box 109 I 

Soutfi WindsorjGonnecticut 06074; ; 

Dr: Daniel Berg I ; , : 

Director, Energy Systerps Res^^rChi 
•Westinghouse Elpctric Corporation 
.Research- Laboratories. • ; ; . * 
Pittsbu rgK, Penney Ivan ia 1 5 23*5 
^^41 2) ''256.3423 
Mr. Paul Jordan 

Chief, Public I nfdrmat ion l^taff 
Office of Coal Researchv 
Department 6f the Interior 
2100 MS tree t|5Nj\V. ; ' 
Washihgt6ri,'DiC^ 2003 f 
(202) 634-6605 . 
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Street Lighting Street lighting is an alrnost universal public. function often performed as 
, . ; 'i . an adjuncVjto electric pov^er generation and trahsmijsioh^'Street lighting 
'/ . should be incIuded'Ui part . of a^eomprehensive energy conservation 

■'^ progrl^m/ But nqt'wilhout considering' its possible irqpact on.erime'.; 

i • Although all the ration's street llghtS'Cbnsume less than 

^ total el&ctric pbv^er gejnerated, i reduction 1h street lighting 

"[ . * .'^ visible' action which can serve to|encpurag(t puM 

' energy''6onservatioh acilivjties. . V , ^ , ^ ^ ^ ^ ' 
• . The Lav^ Enforcehient "Assistance Administration (LEAA) r;ecom: 
' . . mends that any reduct'ion of street. li'ghtihg levels in a. given, area be^made, 
' only afte^" cprisultatiorr .with police officials: and citizens. Certain areas 
' ' . ' shotild ,'be maintainec at .present or ev^a higher ]evel^-^cpmmercial 
; ' . districts* whichYgeheVate substantial mbvernents bf pedestrians from 
^ ^ reasonably crc)\^'ded iareas to* less populous ;sidestfe^ts;,-high- and 

, medium-dbnslty . residi^itial areas, particularly those cpnt*a;ming 'lo\^- 
.. ■ ' income housing; areas syrrpunding-niaJor ^rtfriajLs^ 
. ; . . - • nuraber of .small, comniercial e^stablishments. Sonne suggested areas for 
* ; , / street iigfiting, reduction includg propeYties v^hich have be^n cleared fbi* 

* • ' vf- freeway construction-,^ midblock location? on* low-density ' residential. 
- ' . ! streets, areas Avhere lightrhg is at a Jevel- well abt^ 

' enhance commercial 'irtterest6, areas* wherl^ lighting is decorative of 
' ' . " prnamentarjR nature, 'and streets or^hich-' pedestrian and aultomobiJe 
traffic are well below normal./ ^ . . > . 

. ' There are five ways tp 'redufe^'the energy used' by existing street lights 
' • in^a given area:^ ^ ' . - ^ , . V : 

-'^ • Deactivate some portion" of the street lights such as every second, 
^ . . ' third, or fourth laraf). . '.. ' 



sot^ 



e time 



EKLC 



V ■ ' ■ 



• 




late evening ox early 



Turn off the Tights aj: 
rfiorning. ' . 

Dim the existing lighis. 

Schedulejighting maintenance and relamf)ing. 
Replate existing lamps with lower Wattage .lamps of the same type. 

The last alterrfative is recorn'mended from a citizen safety standpoint. 
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Table? ESTIMATED CCstS. OF CONVERTING 



MERCURY OR SODIUM VAPOR STREET L^C3i^TS 



FR(|)M IN,CANDESCENT^TO 



Ap| |^^xi^^'^te costs per I'fght* 



^^Lamp tyjbe 



rWatts ' Lur/ens /Fixtu 



•Lamii: 



Labor Total 



Irtcandescent . . 
j\/lercurV yapor . 
Sodium vapor ; , 



500 40,000 
250 10,000 
100 .9,500 J 



$-100 

>io 



^10 

50 



$60. $17{J 
60 1^ 230 



•Conversion costs assume use of exist'irig poles a*nd wirmg 

L 



place 



> 

lamps v^ith 



measure: 



t An alternative to reduci-ng lighting levels il to r :. 
ergy-effici;ent ones. Tabled? iilustrates the pov^4 requirepients of three 
ht sources, each of wtiich produces'^proxihat lumensv 
IV^tercury vapor lights use about,' 50 perclkt as rliuch jeiectric pov^er as 
, incandescent lights/ and vhigh-pVessu re' sodiuml vapor u^es about 25' 
."ReVcen't as. much power to achieve the same lighting level. Inefficient 
.■Incandescent lamps use about one-thirrf 'of .the electrjc pov^er nc^jy' 
consurVied nationally by stceef lights^^^ { • ' ^ 

.■ The follovving recommendations ar'e madd-byJLEA A to communit ies 
considering reductions in energy usage of^stfeet lights as a conservation 
- ■ - ' ■ [r^ ■ ■ .. ■•; , 

The power requirement for the community's streetlights should be 
figured to make sure the savings measures ^are really worth the 
effort. ^ I 

Reductionsin street ligh^ting should be made only Sfter consultation • 
with police (5fTlcials"and citizens. \ / 

RedL/c^ions Jn street lighting should 'be part of an overall 
conservation plan. 
No reductions in street lighting levels- should be made until ;the ' 
community has fully explored the alternative of conversion to more 
• efficient types of lights.. 
• -street lifting projects should be carefully evaluated to 

insure that the mcj^^ 

.Uocal .governments wishing .to dig deeper* into energ/ conservation 
m.easures related to street lighting should write for the*LEAA publication 
Street Lighting, Energy Conservation and Crime, Energy Report hio! 2,, 
;^ylarch 1 , 1974/at tiie-feUQw^ ' ^ ' 

V Mr; Jeff Alp^in ^ ; ^ . ' ' 

^ Law Enforcement Assistance AdministratJion * 

Department of. justice ^ ■ 

633. Indiana Avenue, N.W. . . / 

v.. Washington, D.C. 20530 ] ,.. . • ' , 

" (202) 386^4451 * . . ; ' ; ' 
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VII. 



ALTERNATIVE 

ENERGY . 'v ^ , ' ■ - r 

SOURCES 



■ State and local governments should stay informed of alternative ' ' •. ' . . 

sources,. Some \projects >invQlving such ^sources have progressed to' the v . 
demonstration stage. and <i£fer promise. This chapter reviews several of : ' 
• these. projects-s6Hd Vk'aste used as a utility>oiler fuel, energyrecovery . ' ' *^ . .. 

from incincratiori, pyrolysis, methane recovery from solid waste, and 

various other research and development programs. ' ■ . ' . . 

• . ' - ■ ' \ ' ■ '■ ■ ■ ' ■ ' ' ■ ■ ' ' ■ 

•; State and .local govVnments should be aware of the opportunities for Solid wlste Used as a Utility * 
using, solid waste as a supplemental fuel .for electric .power plants Boiler Fuel • 
-equipped with boilers designed to. burn coal. The city of -St.' Louis, . — ' : . 

■. Missouri, and the Union Electric Company are engaged'inj demonstra^ ^ ^ ^ .' .. • " . 

,V tion project which uses residential solid waste to augment the fuel ,\ 

burned by an electric powkr plant (see Figure 23). This project is funded . . ' 

by the Environmental Protection" Agency (EPA). . .: ' 

The St. Louis demonstratio^h project required' the construction of a , ; ^ — . . . % ■ ' 

special processing plant to prepare the solid wastes for burning and the . ' ^ ' ■ .* 

modification of the.power pla;nt boiler by adding four sol it waste firing • 

ports. The solid waste processing plant was--d£signed by Horner and . - 

Shifrin, lnc:, and it includes materials handling1equipn1ent„solid waste ■ ' '■ 
storage facNities, a hammermill, and an air classifier. The' solid waste ' . • 
, P_rocessing>ariiities were designed to ^^K^ ' / 

' eigfu-hour shfft. The boiler furnace was originally designed to .burn ■ _. - . 
- pulverized cdalVir gas.- A cost-benefit analysis baW on actual operating 

data is not available at this time. The use of "refuse as a utility boiler fuel ' " 

\- ■■ is also being planned in Ames,. lovk'a. — -v^" ■' "' 

The Environmental Protection Agency conducted a surve/in 1972 to 
deterniine tK^. location, design . characteristics, and solid >aste burning ' 
• capacity of most power plant bbilersNn the country. .Results of the " ' . •• 

. .. survey are reported in .W'Aere ?/7e fio/Vers /I Swri^^^^ " ■ - , ' 

Utility 'Boilers with Potential Capacity for Burning Solid Waste as Fuel 
.. . (SW - 88C),. available from the U.S. Government Printing Office. 

/ • . Readers who wish, to pUtain additjopal inforrnation. oh -solid waste as . • ' . ~ ' ^ 

asupplementarffuel forejectric powW plarttbdilers, orpn t'he St: Louis " ' ' - > 

. ... demonstrati.on^project itself, should write .6r call the follovk'ing^rganiza.- ~ • ' • 

EKjc- \.: .•i;-":,^ ^^;- : 103 
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Figure 23. CONVERTING SOLID WASTE TO ELECTRIC POWER. This schematic illustrates the two-stage process 
for converting domestic solid waste in St. Louis to a btlMty boiler fuel for the Union Electric Company. 
/. , ..FJrst, the solid waste is ground up in a large hammermill. and air-classified. The light combustible waste 
-fraction is then fired pneumiatically Into the boiler. Heavier materials are landfilled or delivered to steel 
\mills. (Courtesy of U. S. Environmental Protection Agency) . 
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Energy Recovery from Incineratidn 



Mr. F.E. Wisely; Vice President 
Horner and. Shifrin, Incbrpprated 
5200 Oakland. Avenue 
St. Louis, Missouri .631 10 
(314) 531-4321 

Mr. Wayne Sutterfield 
Division of Refuse Collection- 
City of St. l-ouis 
4100 South First Street 
St. Louis, Missouri. 631.18 
(314) 353-8877 

Mr. Robert Lowe 
Resource l^covery Division 
Environmental ProtectipVi Agency 
401 M Street, S.W. U 
AW-563 ' A- 

'Washington, D.C. 20460 
(202) 254^7848. * ' ' ' 



Steam . recovery is -tb'e besT developed technique for recovering energy 
from solid waste.' Steam can be generated for use In heating and coolirag 

■ ■104. ■ " " ■ : . 
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buildings and for indus'trial/ntanufacturing.. Howler, sfeam Tecovery is 
most stJivtabJe for cities: which hav^steam_distribution' netNvbM<3 dlr^ady^ 
established. This principle is being employed: today in the city of 
Nashvme, Tennessee (see Figure 24). -More than two ,dozen downtown^ 
office, buildings there are connected /to a central hfeating-artd coolihg' 
planjr. Thi^lant is powered by a water-walled incinerator fueled by tKe 
•city's solid waste. , . . ' . ' . ' ,** 

The plant and district heating and cooling system are owned and 
operated by the Nashville Thermal Transfer Corpdration; a noh^ 
corporation whi^h; was conceived by the! Nashyille-Davidsorv County . 
Metropolit^an Governnaem. This unique-ppoject has two major advantages V 
for the c[ty# First, qost$ for future refuse disposal are reduced. Second,, 
the use of no-cost fuel supplied by Nashville enables fh'e corporation's 
customers, prim^trily government office buildings, ^to purchase heating 
and cooling at a pjice. 25 -percent, less, than the, cost- of owning and / ' 
operating their own in-building boilers and chillers. The rev^eViues from% V 
hhe sale of heating and cooli((ig will coyer all capital and operating costs ; 
of the incinerator and district-heating system. •Readers who wish to learn ' ['^ 
more about the Nashville ThermaPPfansfer Corporation* should contact ^ 
the company directly: • \ * , , ' 

. Public Relations.Departiaient ' ; , 

Nashville Thermal Transfer Corporation _ - 

MlO f^irst Av^^ue, South 
, ' Nashville, Tennessee 37201 * 

Solid -'Waste can be converted t^: oil or gas by ^ process known, as Pyrolysis 
pyrblysis! The pyrolysis p/ocess works to break down organic substances 
^with heat in an oxygen-deficient atmosphere'(see Figure.,25). Solid waste 
, pyrolysis produces a gaseous fuel consisting of hydrogen, carbon 

monoxid^, methane, and ethylene. Also, a solid waste char is produced ' ' ; 
with about two-thirds of the he^^^t value in coal. Both the gas and th^ar 
areJow in sulfur. \ • - ^^ ^ ^ * ' 

Solid waste pyrolysis systems have been demonstratecji in ^of F^^ ^ . 

by a dozen organizations, hlowever, severaf full-scale plants shocild fee m , 
operation within the next year or two. Monsanto EnylroChem Systtems, 



AIR CONDITIONING UNIT 



PACKER TRUCK 





HOT .STEAM 



•• [ >) CHILLER )Z 



CHILLED WATER 



Figure 24. RECOVERING STEAM FROM SOLID WASTE INCI-NERATION. 
. . Ste^nri generated in a. water^Walled incinerator can be used to heat 
buildings or to power water chillers for cooling. This t6ch)iology has 
* been successfully demonstratejd in Nashville, Tennesse^^here the 
primary energy source for 27 downtown buildings is solid waste. 
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Figure 25. PYR0LY5IS: CONVERTING* SOLID WASTE TO Olj_ AND GAS, Pyrolysis is a process t)y which 
organic wastes aje broken down into simpler compounds and elements by means of heating in the 
* absence of oxygen. The finaUproducts of the process are gas and g1ow>suIfur oil and char.» (Courtesy of 
Garrett Research and Development Company) - ' . * 
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Inc., .is now building a 1 ,060-ton-per day gas pyrolysis plant in 
Baltimore, Maryland, with financial support from the Environmental 
Prc^tectioh Agency. ^ \' 

Union ^arbide Cprporatioin is constructing a 200-ton.-per'day gas 
pyrolysis plant In South Charlest3n,.West Virginia. Garrettv Research and 
Development Corporation is ^building a similar plant in San Diego 
County , California. Sufficient experience should be gained with 'solid 
Waste pyrolysis to make it a viable option for rfi^re widespfread use,by 
1980. Readers who wish.to' o|Dtain add ition^tV information about/these 
soli'd' waste^pyroiysi^ plants should write X)r call the following orgahi- 
zatioVis: - ^ ' 

Mr. Thfeodqr Bmss ' ^ * 

Sales Manager-Landgard Systems . '. ■ . 

^ Monsanto Enviro-Chem Systems, Incorporated 
' 300 North Lindberg Blvd. ^ , • , ■ .; V 
. 3t. Louis, Missouri 53166 • ^ 

; " (314) 694-2384 ' ... - / 

Dr. George Mallan . ^ 

. Director of Resource Recovery Programs * . 

^arrett Research and Development Corporation . 

1355 Carrion Road 

La Verne, Calif6mja 91.750^ 

.(714)593-742*1 
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Mr^Thonias A. Donegan 
Market Specialist .1^ 
Union Carbjde CorpohationB*. 
270 Park Avenue. 
,New York, New York 10017 
(212) 551-4267 
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Slinitary -landfills produce gases as organic m^tefol^^ by. Metlian)? from Solid Waste * 

bacterial af tiorH. One of these gases, methane', is' the principal component < " ^ . 

•of 'natural gas. Methane gas in sanitar-y landfills is a nuisance because, it ; ^ . . ' •. 

srnells, burns, and occasionallv^'explodes. However, methane gas can bfe ^ f 
-.recovered from a landfill by drilling a gas well. After impurities have 
been removed, the recovered gas can be used as a practical energy source.' J. ^ ' 

At the present time, methane gas is being recovered at the 
Sheldpn-Arleta Landfill owned by the city of . Los Angeles. The Lo^ - 
Angeles Pow^r and Water Company operates a pifot'plant on the site, ' 
and plans are being made to expand it in the near future; Unfortunately, 
no one J^^ows how long a landfill will produce methane^as. Neverthe- 
less, rnetshane gas recovery is likely tc^become more attractive as the . * 
price . of natural gas increases. Additt6nal inform-^tion about' the Los 

Angeles methane gas^recovery. operation c^n be obtained by. contacting , ' ' ' ' . 

the power company:* . * * . 

. Piiblic Affairs / ' " ... - ~ . . . 

Department of Water and Power . . ^ • . . 

City of Los Angeles - * . - ' . . Ar' 

• '.P.O.Box 111 / • . ' , ' \ . ^ : ' ; 

. Los Angeles, California 90051 ' >^ « 
' ■ . (213)481-4211 V ^ ^ , / , 

The, Brooklyn-Union °Gas Company has r^ently^ begun a similar' \ .. . • 

methane rec'3Very opera.tion in New York City. . 

' ■ ' ' . . i . . ■ • * . ■ *• . • . ' 

Two Qt^her Alternative energy sources-geotherm.al energy and: coal Other Research-and Development 
gasification-^epreseht -pptioTO for the future that are presently under Programs / 
deV^elopmentA . . . ■ * 

GeothermaT^ergy is heat jn the earth's int ' . . / 

convierted trf'stearn or hot-vvateKwhen subsurface y/ater comes in qdntact :* ^ - . • > 

with very hot rocks in the earth's crust. Geothermal energy sources can ' 
be tapped by drilling wells.directly ^nto pools Jof thi/h ' - ' " . \. * - 

drilling wells in hot rock and then. pumpi,hg water into them Ifb produce . , 

hot water or steam. Sources .of geothermal' energy in the United States * . •' 



are limited primarily to the, West/the only known commercial plant Jh 
the U.S. being in -a geyser field 85 miles jiorth of San Ffancisco. TTie 
.'generating capacity of this plant is about. 420,000 kilowatts-about 
one-half ^he power required by a city the size ofvSan Fr^ * 

,C6al gasification is a process for converting coal to methane gas. In 
thi3* conversion process, coal ^s treated -with h^f^h-pressure sjeam, and 
^^^'^98^^ from the steam combines c.hefnically with carbon from the 
; cbil. to produce methane gas^The methane gas is tKen piped'to-eleGtric 
power plants where it is burned as'fuel in. gas turbin^generators. Sulfur is 
removed in the conversion process. V. ' - ' ' 

The E[;Paso Natural Gas Company is planning to i/stall a commercial 
^ooal gasification plant pending Rderal PowferCommi^ion approval. The 
-major advantage 'of the process is^that rt permits electric px)wer 
: generation from coal without causing sulfur emissions. However', it has 
• two- disadvantages. First, the gas has a relatively low heat vafue so a 
conventional g^s-powered generator cannot be used. Seco^id, it is rhore 
feasible ecohomically to proces? coal at tl;e mine site, so plants are 
^ usualj/ located great . distances from - the^ power djemand. The U.S. 
^ Departmehl of the Interior, in cooperation -wi.th t^e ^ A 
> Association, is sponsoring three pilot 'programs to find better :wlys to. 
O oduce higher-quality gas using this basic opocess. \i 
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' A major'fpcal point for federal fnergy re;5earch fe*the NSF Ftesearcfi 
Applied* to iNational Needs program. This research is^ focusedln four 
Areas: energy ?ystems/eKergy resources, energy conversion, and energy 
tratl3missipn. Energy? s^smms research -covers *probiem$ related tb> 
Wtimating future enlergy supply and dlmand, cdnservi,ng energy re- 
Sources, assessing environmental impacts associated v^ith: alternative 
energy sources, and evaluating policy options. Energy resources research 
addresses, problems, related to utilizing geothermal^ ehefgy sources, 
developing coal conversion technologies, and Utilizing Waste heat 
resources. Enetgy conversion studies ^ocus on problems related to 
improving the overall efficiency- of ^ fossil fuel '-aYid nuclear pov^er 
.generation/exploring the application af magnetohydrodynamics (MHD); 
technology, mi'nimizing the environmental effects of power plant 
effluents, developing .'new technologies for energy sto^rage, and devel- 
oping practical solar, energy technologies. Endrgy and fuel transmission ; 
r^e arch^ ov^rs problenis related to low-temperature electric current^ 
movem^T^, gas anil liquid- *transm.issiori system^, high-vpltage direct 
c^^nt tran5mis^iQn, and po^wer network monitoring and -controk' 
Special attention js being^iven to solar energy 4jesearch, For additional 
ioformation about 'the National Science Foundation programs, write or 
call: * ' * ' 

. ' ■ i ■ . ■ 

Mr. George James , . ' . 

; ' Division of Advanced EhergyT^esearch.and Technology V. 
.National Science'Fouhdation . ' ^ ; ' ,. . -. 

.1 800 G Street, N>; / ^ ' '. . • • ; . > " 

Washington, D.C. ^20550 ■■ . . . - ... 'V ■ ■\' ' \ ... 
; (202) 632-7398 : ■ ' ' ' ^ • " • 

. • I Office of Systems.] ntegration apd Analysis • 

National Science^Foundatiprt' / ' x 
■ .. 1800 G Street, N.W; . ■. ■ j . ;> ■ 
. ^ Washington,. D.C, 20550 . ■ , • 

"V. (202) 632-4032 - ' ■ / V '• 

Several, other . federal '-'agencies are also' engaged in energy-related^ 
research and .developmentMhese include- the ErfVironmental Protection 
Agency, Fe^^al Energy Administration, Federal ■ Power Commission, 

" General Services Administration, National Aeronautics and Spaice Ad- 

. ministration, Natibfial Bureau, of Standards, Oak Ridge Natjonal Labora- 
tory, Tennessee .Vailley Authority^, Department of Housing and Urban 

>Development, and Department of the Interior; Addresses and telephone. 

> numbers f^r these federal agencfesare. listed in the appendix. i 



CASI^UDIES 
INENERCY 
CONSERVATION 

The fuel shcfrtage and ensuing energy c'risisfc^have had a iSSfBigtmpact pn 
state ind local, governments. The«Americark public seems, to:have a short 
memory now that gasoline is avaiJal&le agkin, but state and loeal\ 
governments must ijot allowJ themselves to forget that energy problems, 
in various fprmSj-ire-going be around for a long jime. The energy crisis 
of the winter of 1973-1974 djevelop&d so rapidly that most state and 
• Jocal, governments could bnl/^ respond to it as an erhjfrgency situation, 
, Formal energy conservation programs tiot only insure a more orderly 
approacli in the event of a new crisis, but they also serve to minimize the 
effects of such a crisis and, indeed, help prevent its occurrence. 

ObvioTjsly, the state or Jocal govennme iy^ ad ministrator who must 
formulate an energy conservation program would^ke to be able to turn 
to sofQC^ources for gifmance. This technical Guide has presented, in one 
place, 'thebs6ei3jtiar information on energy conservation required to start 
' such a program. Each lurisdictio/n must a§5e?s the technical feasibility 
and economic p^racticality of eaah energy conservation measure in light ' 
of its own problems and resources\There is np way to avoid this, because 
there are very few. universal. ansNyers— even to problems as common as 
those in the energy field.'j !'^- 

This chapter reviews 5otoe of the energy conserVatior], actions- taken 
by ,stal!^, county, and city goverpments. The ceader should be able to get 
a feel .for wfiat js^^^^Jready v^orking in other jurisdictions. The cases; 
documented^ in thi§ chapter represent- positive," aggressive leadership in 
energy conservati|^n. at the state a^ local gbvernnient levels, . 

Several state governments .anticipah^ the need! for overall energy 
conservation prDgrams well, before the crisis, appeatd.. (See Appendix D 
for state don tacts for information.on Energy.) In rfuch states, the typicaL 
approach tp developing a prog^a^m has been to establish a comnfjjttgf 
task force t6 Examine enei^gy^nsumption patterns within various stat 
agencies, set conservation goals, and monitor progress. In additiorf, nwiy 
state, programs have reached^bpyo/id state offices as such to affect et^rgy 
conservation efforts, of local governments ahd'th^ private sector. 

In January 1973, for exarnple. Governor Williams of Arizona 
established a Research and Information System for Arizona (RIES) to 
*om , together prof e'ssiona^s front^ various scientific disciplines to formu- 
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late policies on state\yide energy demands, their impact dn the 
environment- and the need for resource conservation. The governor also 
formed ah energy advisory comjrfittee composed of representatives from 
business/'ihdustry, Utilities, and universities. Energy conservation plans- 
devised by-these groups were "supplemented'; by an energy task force*" 
comprised of the governor's office and* legislative Jeadership of both 
parties;: . - ** , "-^ 

In California, the state legislature authorized establishment of 'the 
State Energy Resources Conservation and Development Commission to 
be. composed of members representing engineering or physical sciences, 
lav^, environmental protection, econoni'ics, and the public at large. Duties' 
of the commission areUo assess trends in the^tjse of electrical energy, 
collect and analyzg-forecasts, develop a prograjm for energy research to 
examine- alternative sources, 'and cohripile and adopt standards' Other' 
functi6ns of the commission are to approve applications for nev^ 
facilities, prepare an energy shortage emergency plan, evalu^tte energy 
'rate establishmerht, and serve as a clearinghouse on energy information. 

Nev^ York State's energy cTJnservatiorf. program began .almost tv^o 
years before the fuel shortage crisis. Former Sovernor Rock^eller 
appointed an Interdepartmental Fuel and Energy Committee in January 
1972 to* rtionitor the state's fuel and energy supply. This committee," 
comprised of the heads of eight m^dr state defjartments and offices, 
singled out three areas of energy consumption for special attentiorj-large 
buildings,, transportation, and appliances and equipment. Exper^from 
government, industry, professional organizations, and trade associations 
were appointed to advise the comnriittCe on these matters. . 

In May of 1973 the governor of Texas appointed aii energy 
conservation task force' which began with an initial effort to cut 
consumption of. electricity and natural gas in the. state's capitol complex 
by 30 percent. As. the task fortie moved toward this original goal, its 
mission ^as expanded to include srmilar reductions in all types of energy 
by users in mo^t sectors ;of the staters economy. The statefs-efiergV 
conservation program is based on a two-pron|ed-''Str^egV of setting 
conservation goals and allowing enej^y^ustr^To decide how best to meet 
them and then monitoring progr-esfand publicizing outstanding conserva- 
tion efforts. ^-^^ ' \ , 

Following^Js'^a^summary of major energy savings, measures inaugu- 
rated^^^'ates. These measures should be of significant behefit to other 
jtAt(^s and larger localities in operating their own programs. 

; 7. Public Buildings . ^ \^ " * • 

a/. Governors in several states required implementation of conservation 
measures ip s.tate-owned and occupied buildings. 

b. State departments and agencies may be required to submit an energy' 
conservation plan and to file periodic progress reports. In Texas, the' 
state publishes a report on notable conservation efforts b^ state 
agencies. \ ^ ^ 

c. New York conducted workshops and sponsored seminars for state 
agencies on energy conservation in public buildings. 

■ , « / " - ^• 

2. Transportation 

a. Reduction of speed limits and the encouragement of urban car pools 
are major energy ci^^servation efforts states have 'undertaken in the 
transportation area. 

Ho 
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Arizona authorized state purchases of only intermediate and com- , 
pact. cars for 1^74; . * . " 

Arizona, also required -all -state agencies to implement^ a plaKpft,25 ■ 

. percent gasoline-reduction. ^ * * ' v ^ 

In-New Vork, two peripheral parking lots and a shuttle bus systfiiVn 

• for transporting' employees to work^pre esta&lished. The state atfso , 
requires its en>plpyees to use public transportation^ for official , 
business whenever possible. \ 

Private Sector • " * 

Several states have encouraged commercial energy users to organize 
their own energy conservation programs and to file periodic reports 
to the state. v * . ^' * 

California requires .environmfental impact statements to include a 
statement of measufes'to conserve energy. . .. 

A private bank in New York City agreed to provide low-mterest^ 
five-year loans to companies or.Jndividuals desiring to purchase 
eneFg^<cjnserving equipment. • 

Public Utilities . ^ " ' % r 

States may require utility, rate restructuring to discourage wakeful ' 
energy consumptjon. For example, in California each^ electrical 
■ utility is .required to add a surcharge of 1/1 0th of a mill perkilov^att^ ■ 
hour to the cost of electrical power sold to customers in the state. .; 
The added -revenue will be spent on energy research; an^ develop- ] 
ment. ' ' V 

New York restricts sales promotion advertising by;gas arid electric 
utilities. ; . . - ' . 

Several states require public utilities ^^^^^ 
service5...dcsigned toWriser^^ ^ 
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"Cajifornia is fostering increased reseaiTjT"fey^ublic utilities ori v/ays 
to conserve energy, - \ - , ,> . 

Several states' have restricted electricity consumption for advertising,, 
decorative Trghting, and similar purposes.* ' ^ ^ V-,^ V ^ • , 
Arizona has passed legislation to provide for curtaitnn^nt of.'electric > ' ' 
ppwer in emergency situations. \.; * v . 

The ' Fairfax County government was first notified df a potent(al fuel Fairfax .County, Virginia 
shortage in January 1973, The administration imffiediately passeid the 
- warning on to user agencies and began.to take specific prefc^utroriary . 
■ measures such as filling all fuel istorage tanks to capacity^, Thfe. Office 6^^^^^^ 

General Services established procedures for determining energy require-* Vx - 
ments and sources. Also, studies, were initiated, in problem areas' related . - . " • 

to heating plants, motor yehicles, and fuel storage areas. • 
The county executive was able to give directions to implement 
^ certain energy conservation measures asxarly as. June T9734-'The motor . . . 

vehicle study resulted , in a number pf fuel saving measures. Also, the 
government began, to purchase smaller vehicles. Several fuel" storage and ^ 
distribution sites were consolidated. Several buildings were coViverted - 
from #2 heating oil to other more available fuels. ( 

In October 1973, 'as the e^cts of the energy shortage became moref^ 
apparent, the county's purchalkng agency began to consolidate its fuel . 
purchasing and distribation services with five other cities and towns.' 
Alternate fuel sources were found for several volunteer fire departments. ' / 
^ Additional actions taken included: 
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• Distribution Qf a ear^pooling questionnaire to employees. 



Initiation of a contest on energy conservation suggestions. ♦ 
« • Creation of an energy conservation coqimittee representing a 
• variety of public and private interests.. j 

• Establishment of ,an Energy Monitoring efffice in the' Office of> 
General Servici^s. : V *; ' ^ 

— ; A 'public press release was issued in November ^announcing spebific 
Conservation actions for schools such as '.cancelling the use^of school buses 
for fi.eld trips and for transporting students to athletic events, reschedul- 
ing of' athletic events to daytime whenever possible,, and e^ension of 
Christmas: vacatif)n for tv^o. additional v^eeks. Officials had Considered 
instituting a four'-day school v^e'ek with split'^schedules., but^his measure- 
was deferred for use only in case of an extreme emergency. ' 

In January 1974, as the fuel situation became even more serious, th? 
county took a number of other actions: - ^ i 
• -. ■ ' ■ • ■ 

Anti^iphoning devices, were installed in larger vehicles- 
The number of vehicles responding to fires, wasxut back, 

• Firefighters were reassigned to stations nearest thejr homes. 

; • A. prefefentiar parking program for car pooling employees was 
'started. • . \ - '. 

. • An experiment was'conducted to -^t^st the feasibility of using 
waste automotive oil to supplement heating fuel. 



~~~~fir Fel>fuary-and- March shifted^ to workijigr:w4tl> 
^ regional, state, and federal^Hofficials to insuTe that ci^tj^ens NVou4d4i^ 
to obtain gasoline, receive" an adequate level of county services, and 
Obtain accurate information on the fuel situation. To that end," t!he 
county implemented the state's **odd-even'' numbered license plate 
gasoline rationing plan, negptiatied increased fuel allotments for Northern 
Virginia, and participated in efforts to establish , a regional energy/ 
clearinghjKise.' ; ^ ' ^ " 

Recent^ p(ipulation growth, . not reflected in early fuel allocations, 
made Fairfax County one of the hardest hit areas in the nation. With this 
comprehensive approach to energy conservation, it^was able to exercise 
leadership in responding to a crisis situation. Even though the supply of 
fuel . no longer presents an immediap problem, the county is going ahead 
with the implementation of add.iti4fial measures to effect savings in fuej 
site locations, employee transportation, and service vehicle routing. A 
follow-up staff repoi^concludes that the county will be able to meet its 
fuel needs if the intmiational situation remains stabje, if present energy 
conservation measures are retaijied, and if energy planning mechanisn^s 
are instituted now. The new energy planning mechanisrhs stressed are:-. 

• iDevelopment of an overad energil'^ contingency plan, 

• Development of the capability to project 'long-range energy 
requirements/ . ^ ■ - 

• Development of an '"eQergy variable*' which considers the effects 
of energy suppjy and" demand on planning and procurement, 

• ^ Development of information sources.tp keep abreast of techno- 
JagicaJ-a4ya^pes^ ^ 

Readers v\/ho wish to learn more about the Fairfax County energy 
conservation program should write or call the following contact: ^ 
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For the tv>G[^16r conskJiriers, police and publix: M(prks, four different 
contingency plans were prepared for achievi^ig savingslof 10%, 20%, 30%, 
and -^O^&'^respectively,; depending on severity o^' the fuel shortage! 
. Sjmilar plans were developed for th^city's buildings! . 
B^evue, Washihg^ton, promoted "^'ark an^^ 
public transportation b^ getting churches to^allow thei^;use of their lots " 
for fringe garkkng. The .city also allowed the use of mun'i'cypal vehicles for 
•car pools of fc^u/ or mt>re employees. . . ' ^ , , " • , 

In Eugene, Oregon, the-city government encouTagfed feius commuting. 
by purchasing bus tokens at a discount and. reselling 'them|at cost tb city.' 
; erhfiloyees. . v . . • ^ — ■ ' 

;Scottsdale, Arizbna,vand Stillwat^ bike pools 

for use b-ycity'^eniployees making short trips in* town. ^ ;V . 
' University City, Missouri, cut its garbage.haul cpsts in hif by usln§ a 
IraQsfei' statibn -.and traifer instead of haying collection Vehicles make 
directrtrjp^'to the laodfill;. , > 

^ILakewood, Golgrado, realized substanti-al savings in polite operations 
by curtailingihe practice of cruising by police cars, Officers are required ' 
to stop near a, major inters^ectipn for a portion pf'eyery hour. The city: 
^ found tbat response to emergency c^lls v\bs^ unaffedted,. whileUhe high 

visibility of the unft helped to cut dov^O on speeding ^nd^ a^^^^ 
^ Virginia Beach, Virginia, was able to cut gasoline consumption, in 
.municipaj^peratipns by 30 percent by instituting a numberof very^ basic 
fuel conservation Measures such as making phone calls instead of'trips, 
checking tire pressures, daily, tuning engines, niore frequently, and. 
jimiting the practicer of allo\ving employees to drive city vehicles home. 
■ One last response to thevenergy crisis is mentioned' here because it 
; represents a regional approach to, energy conservation. The New England, 
• Regibnai; Commission, which Js composed of the governors of Connecti- 
cut, Maine, Massachusetts, Rhode I slanrd, .'an Vermont, pledged, a 
- minimum of aVl5 percent reduction m fuel cdnsumptibn through a joint 
■ conservation . program including the /pUowin'g mea^^ . ; 

• Urging state and local agencies, chilirches, and other private 
. groups^ to reschedule functions in order to minimize the use of 

buildings that would otherwise bexlosed. • ' 

• Asking industrial and commercial establishments to cuVtail o 

, HF^urs, clit down on peak period electricity use, and eliminate 
unnecessary and excessive lighting. ^ . , 

In addition/ the governors directed the New England Regipnal Com.mis- 
sibn staff to develop an energy information system in order to project- 
supply levels, measure the success of conservation efforts, and* keep 
federal and state officials and the pubJic-^"^to date on the progress of 
the energy situation. • * ''^^^^^ ...... 

State and local governments are th,e principal providers of basic and 
essen tW. services to the citizens of this nation. They must have adequate 
and reliable supplies t)f energy in order to fulfill their obligations and 
i^^onsibilities. A :comprehensi.Y?, well-p|anned and ^executed energy 
c^^rvation program is the best assurance at present .that, these- 
^sponsibilities caru^be met. 
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' ■ V. ■ Source^ 

American Gas Association 
1515 Wilson'3oulevard 
•Arlington, Virginia 22216 - 
, (-703)524-2000. ' ' ' 

Ai^Cflcan . I n sti tu te 'of A rch i tec ts 
1735 New York Avenue, N.W; • 
Washington, D.C 20006 
; (202)785-7300. \ ^ 

.American Institute of Architects 
, Research Corporation 
.1735 New York Avenue, N.W. , 
^Washington, D C. 20006 ' ' 
(202)785-8778 

American Pebdeum Insjtiilute 
'180.1 K Street, fUV. 
Washington, D.c\o006 

, American Public Power Association 

266& Virginia Avenue, N.W. 
, Washington, D.C. 20037 ' 
^ (202)333-9206 . 

American^ Public Works Association 
:;1313 E. 60lh Street 
.Chicago, Illinois 60637 
(312)324-3400. 



American Society.of Heating, Refrigerating and 

Air-Conclitioning Engineers 
345 E. 47th Street • 
New York, New York 10017 
(212)752-6800 : . 

Association of Ho'm^ AppHanc'e Manufacturers 
. 20 North Wacker Drive > ; 

Chicago; Illinois 60606 
(312)236:2921 



Type of /n formation ' 



A computer program for analyzing building energy. 
; requirehi^nts (ECUBE). . 



Conserving energy through belter.building design 

I ■ ■ 



Research in energy conservation in buildings i^hrough . • 
improved design . ' . 

Statistics,; research, reports, and <3ther materials' on oil, 
gasoline, and. natural gas 



^ Energy conservation approaches of publicly owned^ 
^ electric utilities . ^ . 



Energy conservation jn motor vehicle equipment 



Energy conservation as a function of building equipment 
systems and comfort co'nditiorithg, . . - 



The energy* requirements, of .various household appli- 
ances ' ' ' 



1-'. 



If 



94- 



Source 



BufeauW Mines v " 
■ 4Q15 Arlington'BouJevard ' 
Arlington, ViRginia 20240 , ' . 
(723)65M000 *. > - 

CitizeiraS Advisory Comrni.ttee on Erivironmenta^ 
. - Quality;/', ' '] •'• v 
^^J4pO-PerJf^sylyania Ave'yJ'^M: -^^ ' " /. 
<^^ashingtoii,^;D.C. 20006 \ 

(202)223-3040 ^ . : 



Department of Housing and Urban Development • 
^ Division of Community Development Research 
451 7th St., S.W. . ^ . ... '/ , 

. Washington, D.C.\20410 
■ (202)755-5599 ' : ' 
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TypeofJnfdrmatioKi. 



esource recovery frohi solid waste combustion, 
yralysis, coal gasification . , ' : 



How to promote enerigy . 'conservation through a com- 
muKvi.ty wide public informatiog program 



Total energy systems ahcl other forms of localized power 
generation .. : • 



Department of 'the Interior 
Office of Coal Research 
.2100 M Street, N.W. 
Washington, D.C. 20037 

(202)343-5594 . " • 

Department of Tranisportation . \ . 
400 7th Street, S.W. ■ 
Washington, •D.cr>20590 

. } Energy apd Environment Division- • . ' 
(202)426-2022 ■ , • . ' ' 

Urban Mass Transportation AdministratSr 
Research Development and. Demonstration Programs 
(202)426-4043 . . 

Urban Planning Division 
- Federal Highway Administration i 
(202)426-0210 ' 



Fuel cell and coal gasification research 



\ 



• Research" reports and other materials .on improving 
veHl.cte fuel ecp^my through new and retrofit devices 

"'Diai-a-Ride buS;programs, fringe parking coordination ' 



Bus-on-freeway programs, exclusive ;bus -and pool 
lanes 



Edison Electric Institute 
*90 Park Avenue ; 
New York, New York. 10016 
(212)573-8700 



Electric utility operations and engineering, power system 
coordination 



ERLC 



Environmental Prptection Agency ^ ' 
)Resource Recovery Division^ *|L 
183*5 .K Street, N^W. j 
Washington, D.C. 20006 
(202)755-2673- ' . ; 

Federal Energy Administration 

Office of Energy Conservation and Environment 

New Post Office Building 

1 2th and Pennsylvania Ave.,. N.W. 

Washington, D,C. 20461- . - 

Fwtewl Housing Administration 
451 m Street, S.W, . . "" 

Washiiteton, D\C. 20410 ' ' : 
(202)7B5:6522 



Union Electric demonstration project- in St. ^ Louis, 
energy recovery from solid wastes • 



Energy conservation checklists, energy conservation re- 
search, fuel allocation, information, all aspects of federal 
• energy, regulations and legislation, lighting , and thermal 
operations guidelines ; 

Mininrixlm- propeVty standards for. federally subsidized 
housing^ property^improvement andTtl^obile home loan 



*^ insurance regulations, thermal insulation standards 

t in ■ .'• ■ __ 



APPENDIX A 



Source 
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" ^'Federal Power Commission . 

Union Center flaza 
' • ^4isi.Caprtp!St.^N,E, 
y W^shihgton^ D£, J0426 
\ •(202)386-6102. ' . - ^ 



General Services Administration. 
Federal Suppl-y Sen/ice 
18th and F Sts., N.W. 
Washington/D.t. 20406 



Interstate sjkjy and transmission of natural gas and 
cTectric power, coordination 'of electric power sources - 



' Tips for conserving gasoline in large vehicle-H'leet. 
ojperations • . " 



General Services Administration 
Public Buildings Service 
18th' and F Sts., N.W: 
Wasl%igtDn, D.C 20406 * 
(202)343-6il7 ' 

Grumman Aerospace Corporation 
Energy Systems Division 
Plant #30 V* ^ 
Bethpag^, New York 1 1 714 " 
(516)575-9630 ^ - 



Energy conservation aspects of building heating, cooling, 
and ventilating systems; new building design; mettiods of 
. conserving en.ergy in existing buildings \ 



lergy conservation in buildihgs, particularly short-term 
measures; solar energy applications . . V 



Illuminating Engineermg Society , 
345 E, 47th Street , . . 

New York, New York 1 001 7 - 
(212)752-6800 

Law Enforcement Assistance Administration' 
Emergency Energy Committee , 
633 Indiana Avenue, N.W. 
Washington,' D.C. 20530 . . 
.(202)38i5-455l . 



Lig(iting systems, energy' conservation aspects of lighting 
effi^.ency, heat of light recovery 

■ ■ -7 " ■■ ■ ' ■ ■ 

I* ■ ^ - « ' ' 

Ener^ conservation, street lighting, and crime - - 



Motor Vehicle Manufacturers Association 
320 New Center Building 
Detroit, Michigan. 48202 
(313)872-4311 



Fuel economy tips for purchasing new fleet vehicles, 
gasoline consumption aspec|s of axle and compression 
./ratios and ;gi^p^s weight 



Nashville Thermal Transfer Corporation 
110 First Avenue^ South ^ 
. Nasipville/Tennessee 37219 .\ 
(615)255-146.0 . : 



Energy recovery from refuse incinerator; district heatin 
and cooling system for buildings ~^ ^'-J . 



. National AeronaQtics and Space Administration 
. Office of Energy Programs . 

Code N . 
' 400 Maryland Avenbe, S.W/ 
Washington, D.C. 20546 , 
(202)755-3127 / 
^ ■ • ♦ 
National Bureau of Stan.dards * « 
'Center for. BijHiJmgTechnblogy 
. Building-226,rRoom B-244 
Washington, D,C 20234 
(301 )921 -3377 (Galthersburg, Md,) 



Solar energy, wind energy, fuel cells, other alternate 
energy source^ ~ 



Technical inf(§rmation on building materials, comfort 
conditioning systems, and performance standards 



li 
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Source: 

■ ■•■•/■ 

National Bureau of Standards . 
National Cdnferenjce of States on Building Gpdes an 
• • Standards . • ' 

Building 226 " • • ^ " " 
Washington, D.C. 20234 
(202)921 -Sf;;? - J 

. National Center for Resource' Recovery \ 
1211 Cohnecticgt Ave/, N.W. • 

"Washington, D.C. 20036^ . 
(202)223-61^4 ^ ' ^^ 

National Mineral Wool Insulation Association 
211 East 51st Street 
New YorlvNe.w: York 10022 . 
,(212)753-5210. ■ • . 



~7ypeofinfQrmar/on-^ L_. ■ . 

Energy impac'TTtetement^', optimal theWaf insulation 
standards, design as^d evaluation criteria for energy 
^conservation in new buildings 



Research repgrts and other materials on energy ^•ecovery 
from solid waste combustion. ' " 



Diminishing heat gains aPid losses .through thermal 



inTiJfe 



tion 



National Science Fodndation ■ 

i8ooGst.,<N.w;: ..^ .; 

Washington, d;c 2(^0 . \^ 

Divis^i of Advanced Energy Research and 

Technology 
(-202)632-9793 

Office 9f Public Technology Programs 
' (202)632-4175 

Office of Systems Integration and Analysis 
(202)632-4032 ' I . 



Oak Ridge National Laboratory 

Energy Division 

Post Office Box X . 

Oak Ridge, Tennessee 37830 

(615)483-8611 ^ 

Phoenix of Coloradopprings, Incorporated 
3020 N. El Paso / 
Colorado Springs, Colorado 80933 . 
(303)633-2633 . . ' 

Public Technology, Inc. 
11 40 Connecticut Ave., N.W. 
Washington, D.C. 20036 
(202)223-8240 \ . vft 

The RAND Corporation 

Energy Policy Program , ' ' 

1700 Main^Street 

Santa Monicei; California 90406. 

(213)393-04il- - 

Richard Stein "and Associates ' . 
588 Fifth Avenue • 
New York, New York 10036 
(212)757-0284 ' " 



Lead agency in solar energy research and development 



.Solar ehergy applications , 

>j» ... ■■ . . ■ . ' ■ 

Energy conservation, energy systems, policy analysis 
(responsible fof* afl NSF/RANN sponsored, energy con- 
servation research) - . 

Building heating systems, thermal insulation research 



Solar energy utilization in residential construction 



Fuel conservation through more efficient vehicle routing 
and through more effective fleet management practfces 



State energy poliey analysis, ' energy conservation in 
buildings and tr-ansportation, total eniergy system evalua- 
tion * 



Energy utilization in school design and operation 
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Source 

Solar Energy Industries Association 
1001 Connecticut Ave., N:W. ^ 
Washington. D.C 20036 
(202)293.17)00 

Tennessee Valley Authority ' . 
..Employees Credit Union . 
507 Market Street 
Knoxville, Tennessee 37902 
(615)546-8911 

• ■ ' • • 
Tennessee Valley. Authority 
Power Marketing Division 
401^United Bank Building 
Chattanooga, Tennessee 37401 
(615)755-2341 \ . 



- J^ype of Information 

Commercial utilization of solar energy 

Van pooling programs. - . . 



Insulation and hieat pumps to make homes more epergyi 
efficient . . ' a * 
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SAMPLE STATE LEGI'SLATION 
REQUIRING LIFE- CYCLE COST 
ANALYSIS OF STATE^O WNED. 
AND ASSISTED FACILITIES 



4 



BE IT ENACTED BY « LEGISLATURE OF . THE STATE OF WASHINGTON: 
Section 1. The legisl^^fc hereby finds: 

(1) That major pu5ii(!^' owned, or lea'sed facilities have-* a ^significant impact on oqr state's' consumptibn of 
energy; ■ . - . 4 

(2) That energy conservation practices adopted for the design, construction, a<jd utilization of such facilities 
will have a beneficial effect on oUr overall supply of energy; ; ; 

(3) That the cost of the energy, consumed b^such facilities over the IFf^of the facilities shall be considered in 
addition to the initial cost of constructing such facilities; and ■ 

(4) That the cost of ehergy'is significant and'major facility designs. shall* be based on the total- life-cycle cost, 
including the*initial construction cost, and the cost, over -the economic -life of a%iajor facility, of tl^ energy 
consumed, and of the operation and maintenance of a major facility as they affect energy consumption. 

'Sectijon 2. The legislature declares that-it is the public policy of this state fo insure that energy conserv^ition 
practices are en^loyed in the desfgn of major publicly owned or leased facilities. To this end the legislature 
authorizes and directs that public agencies analyze the cost of energy consumption of each major facility, to be 
constructed or renovated on and after the effective date of this act. \ * 

Sectipn .3. For the purposes of this chapter the following words and phrases shall have the following meanings 
unless the context clearly requires otherwise: * . . * . 

(1) '^"Public Agency" means every state office, officer, board, com mission', committeey-'bureau, department, and 
; all political subdivisions 6f the state. ' . 

(h) "Major facility" means any publicly owned or leased building having twenty-five thousjmd square feet or 
more of useable floor spacer . ^ 

(3) "Initial cost" meins the moneys i;e^ircd for the capital construction or renovation of a major facility. 
' (4) "Renovation" means revision to a major facility which will atfect any energy system. 
. (5) "Economic life" means the projected or anticipated useful life of a major facility as expressed by a term of 
years., . ' ■ ' ' . . * 

(6) "Life-cycle cost" means ^hc cost ofa* major facility, in^ilu'dirtg its initial cost, the cost pf the ehergy 
*consurned over.its economic life, and the encrgyconsumption related cost of its^cration and maintenance. 

(7) "Life-cycle cost analysis" inqludes, But i$ not lijfiitcd tathe foljowing elements: ^ ^ . - 
^ (a) The coordination and positioning of a major facility\on its physical site; • * . 

(b) The amount and type of fenestration employed in a major facility; . ■ • 

(c) The amount of insulation incorporated into the design of a major facility; - 

(d) The variable occupancy and operating conditions of a major, facility; arid ' 
v(c) An energy-consumption analysis of a major facility. ' * / ^ 

I "Energy systems" means all utilities, including, but not li/nited to, heating, air-conditioning, ychtilatjng, 
lighting, and the supplying of domestic hot water. * . 

](9)' "Energy-consumption analysis" means the evaluation of all energy systems and components by demand and 
^ypc of "energy including the internal energy load imposed on a major facility by its occupants, equipment^ and 
components, and the external energy load imposed on a major facility Jby the climatic coitditions of its location. An 



♦Excerpted from proposeij legislation for the state. of Washington. 
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^energy consumptiop analysis of. the operation of energy systems ot.a'mtjor facility^hall include, but not be limited 
to, the following elements: ; ^ ' ' . " ^ v * 

^ (a) The comparison of three, or more system altj^^ ■ . . J '^ . • .. ■ - ' .* 

; \ (b) The simulation ot each system over the erimp Mg^^ of such facility for a year's operating 

■period;and ,\ y"" '-J;. . ■' .,V:;": , .,' ' .. , • ■•■ ;^ ';; ", , . ; 

(c) The evaluation of. the. en&f^^^ ; 

.; operation of such components at iit^e^^^ . . '. rl'." 

. The energyrconsuijipti;6n analysis shall be prepare by a professional englheer or licensed at-chitect wh| may use ; 
cpmpy,ters.or such other methods ^aVaris capa ■ ti^v . \ . • • ' 

Section 4. On and after the effective^^daTe of thisUct whe^ determinefffiat any major. " 

• facility is to be constructed' op renovated sudh agency' shalUause to be Inciuded jn the design phase 6f such. • .--^ 
construction or renovation a provision -that requires a' life-cycle cost analysis .to bei prepared fpr'sirch facility.. Such', 
analysis shall be approved by the agency prior to the commencement of actual constructic^n or rehpvation. A public :■■ 
agency may accept the facility design if the ageacy is satisfied that- the.,.Jif6-cycle^ co^t 'analysis provides fbr an ' " 
efficient energy system or systems based on the economic life of.the major facility • ' ' * ' :.]' 
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SAMPLE PROMOTiONXL - , 
LITERATURE FOR USE ^ ■ S t 
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BY GOVERNMENTS 
"IN 

ENERGY CONSERVATION 

Directed to Home Owners-Home Heating anf^^^ ■ ■ • ' . ^ v- 

i; , Consolidated Edison Company of New York, Hc^d'/nsu/ate YcSor Home (Ener^ S3ver #1) and How 
. . .to:Keefi Your House Warm 44 Ways {Er\ergySsiwrn). H^ 

2. ..:-National Mineral Wool Insulation .Association, \nc: How to Insulate Homes fbr Oil Heating {\muir/ \9lA 

and How to Insulate Homes for Electric Heating and Air Copditionirig {Fet)ruar/ ]974^ New York: The 
Association. f . . , " ■, ' ■ ,' 

3. • "Tennessee Valley Authority: iy«»/_«t//n^'^7//e>^jeAaK'/W&Pr Kridxvilte: !l?ie AuthoFilyj'l?74. • 

4. U. S. Department of Commerce, National Bureau of Standards; T/o/we fner^y SmW^rZ/ps^^ . 
Energy EffTci^cy in Room Air Conditioners-. Pueblo, Colo.: Public Documents Distribi^tion Center 1 974 

. 5. . U. S. Office of Consunjer Affairs. 7 Ways to Reduce: FuelCpnsumption in Household Heating. Through 
. > Energy Conservation 11 Ways^ to. Reduce Energy Consumption and Increase Comfort in: Household:- 
Coo/zr/^. Washington, D.C.: US. Government Printing Office, 1974.. ,v ■. "'''^ 

: B. Directed to Residenb-Reducir^ Utility Bills ' ' " . ^ ^^fef- . / - i. 

The following pamphlets; and flyers^dis^ . 
iHustrativeof similar materials distribu^edi^ - \ • "' . . ■ 

How to Use Electricity and Gas Wi^^^^ r . . 

Conserve Energy: Save Heat and Hot W^ter {ViyevY ' / / _ . • ./\ 

: - 6 Wayj to Save Mon"^ on Yotir Utility ^ m^^ . . ' . / , . .^'^ 

How to Get the Most From YJOur.Applic^^^^ - . • V . * 

' C. Directed to Businesses and Light. Indi/sVry T ^ * • . 

.1. .Americah:Spdety,of.As!ibciation Execu^^^ Guide to: Energy Mdnagemeriir How to Conduct " V 

. r^^c//^. Washington^ D.C.: The Association, 1974. . , 

• ^2:^. Consolidated Edison Company of New. "^ovk.^nc. Energy Mdn6gement Guide J Electricity. New York- The ' • ' > 
Company, 1973. ' . * V . ■ • - . : . ■: ■ . /■ ' * 

.3,;- U.S- DeRartment of Commerce; .Qffice' of Energy^ .Programs. Energy Ct)nservati6n Handbook for Light • ' 
• \:!l^.^y^tries and. Commercial .m^^^^^ tiviay; "l974), Energy .Management: Economic Sense for Retailers ' ^ * " 
.■ V (February .}91^) - t^O}?^:to St^^ Management Ptograrh (October 19^73), 33^Money^Saving . • 

, to Conser^i^e Energy inY^ . . ; 

b.. pirejCted^tojCarOwnbrs and'Di^ive^^ ^ > ; : :*•. i / ' 

-1; ■ Cah\mN Engine:^:pmpany,i^^^ W- ; 

, •'..^^B^ , ■ ■ ■ ;. . . 

■ : ;.V-3.r. y.S.:Envrrpnme^^^^ Ag^nefe^f^r^l.inergy' A^^ 1 975. G6s Mileage Guide for New * ' 
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^. Directed to Bulldihg Design Engineers and Architects / 

1. - -^Electric Energy Association. Electric Space Conditioning in Residenpui Structures, New York;' Th^-j 
; Associatio^l974, ^ , . .• > . \ / ; . . i 

2. . Syska & Hcnncssy, Inc., Eugm^^h. Energy Shortage-A Constrain} /fr a Chaiienge? (February 1974 issue of 
. Technical Let^er), New York; Syska & Hennessyjnc. ^, " / ^ 
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Appendix d ' . . 

STATE CONTACTS 
FOR INFORMATION 
ON ENERGY* ' 



I 



ALABAMA - 

Phillip E. LaMoreaux; 
State Geologist ^ 
Geological Survey of Alabama ' 
University of Alabama 
Tuscaloosa, Alabama 35486 
(205)759-5721 ; 

ALASKA ^ 

. J. Lowell Jensen 

Executive Director 

Depar'tment of Commerce . 

llOOMackay Bujiding 
. 338 Denall Street 

Anchorage, Alaska 99501 

(907)272-1487 , 

ARIZONA 

Bob Beeman 
Economist 

Department of Economic Planning 

" & Development" 

Suite 1704 ; / 

3003 North Central Avenue 

Phoenix, Arizona 85012 

(602)271-5005 



CALIFORNIA 

A. Earl Davis 

Science Technology Cooi'^lllltor 
Robm 1311 :< 
1416 Ninth Street 
Sacramento, California 95814 
(916)445-4711 



COLORADO 

H. C. KImbrough 

Room K 244 

State Capitol 

Denver. Colorado 80203 

(303)892-2087 



CONNECTICUT 

' H. Raymond Sjostedt 
' Director 

Civil Defense Division 
' 360 Broad Street 
. Hartford, Connecticut 061 15 
(203)566-3180 



ARKANSA^^ 

Richard W.* Longing ^ • 
Director 

Arkansas Department of Commerce . 
151 Capitol Building 
Little Rock, Arkansas 7i2201 » 
J501)371-2231 • ^ 



DELAWARE 

Clifton-E. Morris 
Chairman 

Delaware Emergency Energy Planning 
. Committee J 
Highway Administration Building 
Dover, Delaware 19901 
(3p2)678te)3 



FLORIDA ' 

Howell Ferguson 
Administrative Assistant 
Office of the Governor 
CapitoL Building 
Tallahassee, Florida 32304 
(904)488-2440 



GEORGIA - 

Dr. Ted Mock" / , 
Science Advisor tOjhe Governor * 
225 Peachtree Center South 
Atlanta, Georgia 30303 
(404)656-3991 

HAWAII 

Eugene Grabbe 
Manager" . 

State Center for Science Policy 
and. Technology Assessment 

Department of Planning and 
Economic Developmenjt 

P.O. Box 2359 • 

Honolulu, Hawaii 96804 

(808)548-4195 

4DAH0 ■ 
John IHough 

Govea^nor's Administrative Assistant 
State Capitol • ^ 

Boise, Idaho 83701 * . * 

(203)384-2100 > *, . 




ERIC 



♦This list was derived from A .pirectory of State Energy. ActMties compiled by George Scudella, Project Coordinator^ Energy 
Task Force, SUte of New Mexico. The Mstlngs are as of July 1 , 1 973. Although at present some of those whose names are listfcd may 
no longcr.scrvc in the position noted, this list.ing is preservted here as a useful compilation of. sources with which to initiate state 
contacts. 
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ILLINOIS 

C. F. Bertinetti 
Assistant to the Governor 
202 State Capitol 
Springfield, Illinois 62706^ 
(2117)525.5.160 

iisuy 

Robert^' Morris 
Executive Director' 
^Department of Commerce 
336 State House 
Indian^lis, Indiana 46204 
(3T7)6:^450 

IOWA 

Siamuel Tuthill 
Chairman f / 
Governor's ^Rji^LB^ard 
State Geologist 
University of Iowa 
Iowa City, Iowa 52240 
(31 9)353-21 i21 

KAf^SAS 

Darold D. Main 
Secretary to the Chairman 
Kansas Corporate Commission 
Topeka, Kansas 66603 
(913)296-3326 

Terry Scanland 
Dir(^ctor 

Department of Economic Development 
Topeka, Kansas 66603 
(913)296-3481 ; . 

KENTUCK 
Thomas 0. B arris 

Commissioner of Natural Resources 

. anc^Environmental Prbi^on 
Capitoj Plaza Office Towers 
Frankfort, Kentucky 40601 
(502)564-3350 

Damon W. Harrison 
CommiS^oner ^ 
; Department of Commerce 
Capitol Plaza Office Towers 
"Frankfort, Kentuc;ky 40601 
(502)564-4270 

LOUISIANA 

Dr. Lyie St. Amant 
, Assistant Director 
Wildlife and Fisheries Commission 
400 Royal Street 
New Orleans, Louisiana 70130 
(504)527-9429 ' - . 



MAINE 

Emilien A. Levesque 
Director ^ 

Bureau of Civil Defense 
Department of the Military 
State House * 
Augusta, Maine 04330 
(207) 622-6201 



MARYLAND 

Mike Smith 

Emergency Resource Staff Officer 
Maryland Civil Defense and 

Emergency Planning Agency ' 
Pikesville, Maryland 21208 ' 
(301)486-4422 



MASSACHl^ETTS 

Louis F. Saba • V 

Director • • ■ . . 

Civil Defense Agency f 
400 Worcester Road \ - ^ 
Framingham, Massachusetts 01701 
(617)237-0200 



MICHIGAN ) 

Richard HelmbrecKt 
Director ^ 
Department of Commerce 
Law c^ilding 
Lansing, Michigan 48913 
(517)373-1820 . 

MINNESOTA 

\ Gerald Christenson ■ 
State Planning Offices 
802 Capital Square 
St^Paul, Mlnnesota^55155 
(612)296-6662' 

MISSISSIPPI 

Dr. P. T. Bankston 

Science Adyisor tp the Governor 

State Capitol ' 

Jackson, Mississippi 39205 

(601)354-6517 

MISSOURI 

James Bash i\ 
Disaster Operations'6ffice 
Chairman, Governor's Emergency 

Task Force 
1717 In^lustriai Drive 
Jefferson City, Missouri 65101 ' 
(314)751^2321 V 




MONTANA 

John Goers 

Assisunt to the' Lieutenant 
Governor ^ . 

Office of the Governor 
Helena, Montana 59601 
(406)449-2511 

NEBRASKA 
Burl Johnson 

Nebraska Civil Defense Ag 
1300 Military' 
Lincoln, Nebrask\i 
(402)432-7641 EM. 310 

NEVADA ' 

Noel A. Clark' 

Public Service Commission 

Carson City, Nevada 89701 

(702)882-7542 

NEW HAMPSHIRE 

Frederick D. Goode 
Administrative Assistant to 

the Governor 
State Capitol 

Concord, New Hampshire 03301 
(603)271-2121 . - ^ 



NEW JERSEY 

JohnJ.Kozak 
Chief 

Bureau of Resource Management 
Division of Civil Defense/Disaster 

Control 
Department of Defehse 
Eggerts Crossing R6ad, Box 979 ' 
Trenton, New Jersey 08625 
(609)292-3838 

NEW MEXICO 

(s, E. Montes 

Project Manage^;^ 

George Scudella, Coordinator 

Governor's Energy Task Force 

1,17 Jefferson Street. . , 

Santa Fe, New Mexico 87501 

(505)827-5368 

NEW YORK 

)o"seph-C. Swidler 
Chairman , 
Public. Service Commission. 
^ Holland Avenue < 
Albany, New York .12208 
(518)474-253(T 
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NORTH CAROLINA 

. William L. Bondurant 
Secretary to tKe Governor 
Department of Administration 
Raleigh, North Carolina 27603 
^ (919)829^7232 

NORTH 6AK0TA ' ' 

Ronald D. Affeldt . 

State Emergency Planning Director 

Division of Disaster Emergency 

Services . 
P.O. Box 1817 ' . ^ 
Bismarck, North Dakota 58501 
(701)224-2113 ; . 

OHIO . 

David Sweet 
NDirector 
Department of Economic and 
Community Development 
State.Capitol 

Columbus, Ohio 43215 * ' 

(614)466-3379 

OKLAHOMA 

James Hart 

Executive Assistant to the (Governor 

Energy Advisory Council 
vState Capitol , 

Oklahoma City, Oklahoma 731 05 
. (405)521-2345 

OREGON 

Joe Schantz 
Governor's Assistant 
State Capitol. 
Salem, Oregon 97310 
(503)378-3100 

PENNSYLVANIA 

Eli Sobel 

Program Manager 

Office of -ScFence and Technology 

400 South Office Building 

Harrisburg, Pennsylvania 17120 

(717)787-4147 . • - 




. RHODE ISLAND 

William Harsch 

Special Assistant for'Policy and 
Program Review 
. Executive Chambers 
Providence, Rhode Island 02903 ' 
(4p1)421-7333 

SOUTH CAROLINA 

^ A. B. Holmes 
Exefcutive Secretary 
South Carolina Energy .Management 

Policy Council .» ' 
233 Wade Hampton Office Building 
Columbia, South Carolina 29201 
(803)758-2946 

SOUTH DAKOTA 

Steven Davis 
Office of the Govejnor 
State Capitol 

Pierre, South Dakota 57501 
(605)224-3608 

TENNES;5EE 

Dr. Edward Thack?ton 
Staff Assistant foj Environmental 
' Affairs '""^r 
Governor's Office 
1025 Andrew Jackson Building 
Nashville, Tennessee 37209 
(615)741-3621 . 

te3(as 

Lieutenant Governor Wilfiam P. Hobby 
Chairman, Governor's Energy 

Advisory Council 
Capitol Building 
Austin, Texas 78701 
(512)475-3535 

-UTAH - 

DonSpradling ' 
State Disaster Coordinator 
P.O. Box 8100 
Salt Lake-City, Utah 84108 
(801)328-5271 



VERMONT 

Norman James 
Assistant to the Governor 
Governor's Office 
Montpelier, Vermont 05602 
(802)828-3333 .. 

VIRGINIA 

Minor Hawley 

Emergency Resource Coordinator 

P.O. Box 1163 

Room 407D . 

Richmond, Virginia 23209 

(804)770-4^1 

WASHINGTON 

Neil Miller 

Administrative Officer 
Department of Emergency Services 
te of Washington 
iO-East Martin Way ^ 
lympia, Washington 98504 
(206)753-5255 

WEST VIRGINIA 

Ronald G. Pearson 
Commissioner 
Department of Finance and 

Administration 
Room West 118 ' 
State Capitol Building 
Charleston, West Virginia 25305 
(304)345-2300 

WISCONSIN 

y ■ ■ 

James A. Gruentzel 

State Emergency Planning Director 

4802 Sheboygan . Avenue . 

Madison, Wisconsin 53702 

(608)266-3232 

WYOMING 

' Charles Adam 

State Emergency Planning Director 
P.O. Box. 1709 ' 
Cheyenne, Wyoming 82001 
(307)777r7566 ' 
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SELECTED ANNOTATED 
BIBLIOGRAPHY 

1. American Society of Heating; Refrigerating knd Atr-Conditioning Engineers. De5/^/7 (7/7c^ Ei/o/wo^^^^^ Criteria for " .' ' 
. ■ Energy Conservation in New BuJidings^roposedSti^^ ^ 

^ Based on ^an earlier report by the National Bureau of Standards,. this publication presents. proposed uniform 
nationwide energy conservation standards for neNV buildings. Detailed performance requirements and criteria are 
directed toward the design^ of building envelojDes with high thermal resistance and low air leakage, and toward, 
requiring ppactices in the design of mechanicarand electrical systems that conserve energy, • . 

2. Daly, Leo A, Energy and the Built Enmonment: A Gap in Current Strategies. Washington, D.C.; American ' 
Instituteof Architects, 1974. * 

■ ■ . ' ^ . . ^. . 

Report prepared by the chairman of the American Institute of "Architects Task Force on Energy Conservation. ■ ''V:^ . 
^jEmphasizes the important role to be played by building design professions in energy conservation, Daly warns 
thiat more research is needed before injecting rigid energy standards rnto building codes or other forms of : - J^- 

legislation, ' • • . , ' 

.3. Dubin-Mindelf-Bloome Associates, et d\,^ Energy Conservation Destgn Guidelines for Office Buildings, ^""""^ ';■ 
, Washington, D.C.: General Services Administration, 1974. .. ■ '.b 

• . Guidelines developed specifically for new federal office buildings, but applicable to a^ 

document presents design criteria for all building systems and. discusses the relationships between climate, site, " 
building, and mechanical systems. The document also summarizes energy conservation opportunities at the 
various stages of building devefopmerit and for each building service. In addition, alternative energy sburces, 
. solar energy, and Nvind and total energy sys^ms.are discussed as they can apply to office buildings. ) " t ' " ' ^ .. 

4. Educational FaciHties Laboratories. The Economy ^Energy Conservation in Educational Faciliiiks, New York* 
The CaboratorTes, 1973. ■ 'V .. ^^"^- ^ ^ \ v 

An excellent guide to energy conservation in schools wTfft.en for the school^ administrator, his oberating staff, 
^ ^school board members, and design professionals. V V ' ^ 

5. Energy Policy Project of the ford Toundatibn. /I Time^o Choose: Americans Energy Future. C2in\bv\6g^,\^^^s • 
Ballinger Publishing Co.,. 1974. ^4 '« 4 : ' 

. The culmination, of a twq-year, $4 million Ford Foundation study to identify the nation's energy policy 

: choices. The s^udy concludes that the U.S. can balance its energy budget, control pollution, and avoid reliance 

on foftign oil sources by slowing growth in energy consumption to about 2 percent a year. .Considers such 

public policy issues as the economic and social power of the energy industry, nuclear energy probl^ : 
strip mining. ^ . \ . * . 



6." federal Energy AdrHinistration. Project Independence Report. Washington, D.C.:. U.S: Government Printing " 
Q ' ■■ Office, 1974,; ' ; , • " " • •■ '109 

r ' - I -'129 ' ■ :■; 
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Reports results of a massive Interagency effort of the federal government to evaluate the nation's energy 
problems and provlde-a framework for developing'a national energy policy. Evaluates the impact and costs of . 
four differentstrategles for dealing with the enei^ problem. . 



7. ^f:ederal Power Commission. Guidelines for Energy Conservation for immediate implementation: Smaii BiJsifiess 
. " f7nfl^ Z./^/7^/^fl^ws^^/es. Washington, D.C.: The Cpmmlssip • ■ 

Offers guidelines for fuel conservation In heatlng/combustion equipment adjustment, effective process control, 
and modification of equipment. Also presents guidelines for surveying energ^ conservation opportunities 
giyert plant. 




8i Gatts, Robert. R., et al. Energy Conservation Program Guide for industry and Commerce. Washington, 
U. S. Department of Commerce, 1974, . • 

This is a guide to assist business and industry In establishing an on-going conservation program. The guide 
outlines the steps In an energy conservation program and suggests specific w^s to reduce energy' use in 
^manufacturing and commercial businesses. Information was compiled largely from practices used or suggested as 
useful by engineers and energy'^Ttianagers In Industry ahd commerce. ;• / 

9^Hittman Associates/ 1 nc: Residential Energy Consumption. Washing^, D.C.: U.S. Government Printing Office, , 
1972-ongOing. ^ ^ ' 

Study< partially funded by the Research Applied to National Needs program of the National Science . 
— Foundation. A series' of research reports sponsored by the Department of Housing and Urban Development tp. 
identify means for obtaining greater efficiencies. in residential energy consumption In order to obtain lower per 
■ capita consumption">ith6ut modification pf existing life styles. The project-Identifies and quantifies the total 
energy balance in single- *and multi-family housing in the Baltimore-Washington area^ It then identifies technical 
innovations^at minimize residential energy utilization while maintaining existing life styles. 

10. Intertechnology Corporation. 777e U.S. Energy Problem. 2 vols. Warrenton, Vic.:. The Corporation, 1971. 

Prepared for the Research Applied to National Needs program of the National Scien ce Found ation. One of the 
most complete studies of energy production ahd consumption In all economic sectors.. The report is geapetf 
primarily to evaluating current research and development in energy production. The section On solar ^ergy 
Conversion should prove useful to state and local governments. Also the graphic displays are effective In present- 
ing consumptliDn data. The study is aseful to managers of electric utilities. It discusses the^se of electro- 
ch'^mical systems for off-peak power storage as well as fuel cells. ^ . ' 

11. Large, David B., ed. Hidden Waste: Potential for Energy Conservation., ^dishlngton, D.C.: The Conservation 
Foundation, 1973. ' ^ . . 

- This clearly written overview of energy use discusses energy conservation measures for homes, office buildings, 
industry, and transportation, as well as the potential'for tapping^he. energy from wastes, the author draws from 
a vast number of sources and profession^r opinions . in the various tech r^^cal disciplines concerned with energy 
: use. The report is an excellent introductld|ji to the subject. 

12. Motbr. Vehicle Manufacturers Association. /^yfo/no&//e Fy^^ '. 
Booklet outlines tK* factors involved in determining fuel economy. It is especially useful in setting specifications 

for the purchase of new vehicles. 

, ' ■ . -ji, ■ . . ■ ^ . 

13. Moyers, John. The Value of Thermal Insulation in Residential Construction-: Economics and the Conservation 
. of Energy. Oak Ridge: Oak Ridge National Laboratory,.l 971. . • 

This study supported .t)y the Research. Applied to National Needs program of the National Science Foundation" 
is a parametric evaluitfon of relative energy consumption and net^annual cost as a function of several different 
insulafTppi systems for different cli matic re gions' and financing arrangements. The types of additional insulation 
/ • considered in the study are glass fiber batts for walls and ceilings, storm windows, air gap, and foil under the 
floor. The insulation system' satisfying FHA Minimum Property Standards for a single-family house is compared 
to the system found to be economically optimal for each climatic region* * ; ; 

■ i. ^-^ ■ ■ ■ ■. ■ ' y ' ' . , .'■ ; ■ ■ ■■ ■ • .■ 

14 National Association of Home Builders. The Builder's Guide to Energy Conservation. Washington, D.C.: The 
Association, 19j^4. i, * 

^ A manual On practical,^cost-effectlve means for energy conservation in h 
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15. National Bureau of Standards. Retrofitting Existing Housing for Energy Conservation: An Economic Analysis^ 
^ Washington, D.C.: U.S; Government Printing Office, 1975. ' •• ^ - 

Technical study providing information to homeowners on how much insulation is needed for maximum return 
on investment. Energy conservation improvements covered in the study include insulation in various parts of a 
house, §torm windows, stornri doors,* and weathec stripping. Conclusions of the study are based on an economic 
. model that takes into account fuel prices,>climate,^and costs of improvements. The study .concj^des that conser- 
vation measures studied will easily pay for themselves over the lifetime of the improvements. ' - 

. * , . 16. • National Bureau pf Standards. Technical Options for Energy Conservation in fii//7c//n^s. Washington, . D.C.: U.S. 
, . * Departmentof Commerce, 1973. . , 

. This report offers guidance to professiohal* designers as wefl as building managers. Threq levels of energy 
conservation measures are presented: (l)' modifications irt operations of buildings," (2) modifications to existing 
■ buildings, and (3^'design features for n'^v buildings. The recommendations apply to commercial^nstitutions as 
well as residential buildings. A final section discusses several policy mechanisms for' implementing energy 
■ conservation technology in buildings. 

17. National Science Foundation, e>t al. Proceec///7^s of the Conference on Energy Conservation in Qqmmerciai, 
Residential, and industrial Buildings. Washington, D.C.: National Science FoundatlQn-Research Applied to 
National Needs, 1974. 

^ Presents conference proceedings at which speakers discussed ongoing programs^f retroTitting existing buildings 
. > for energy conservation ^n'd provided field xiata from current programs. Th? conference was attended by 
. engineers, scientists, architects, building equipment manufacturers, and building p\^t ope^^ 

18. Office of Conservation and Environment. Lighting and Thermal Operations. Washington, D.C.: Federal Energy 
Administration, 1974'; » 

This publication contains guidelines on illuminatibn levels, efficiency in lighting, and operating heating and 
. . cooling systems in public and commercial buildings. The approach is to present desirable targets that some 
organizations have now met*^nd which others might adopt. 

. 19. Redfield, Allen, ed. Solar Heating and Cooling for Buildings^ Workshop: (jdllege Park: ^Urliversity of Maryland 

^ ' This worJ<shop sponsored by the National Science Foundation includes presentations by^ver 40 researchers on 
, . ' the applications for solar energy.- Subjects covered are solar collectors, energy storage systems, solar air condi- 

tioning-, hot water heating, and energy conservation in buildings. / " 

20. Rizzuto, Joseph; Mathusa, Parker; and Colbeth, H.- L. A Summary of the Energy Management and Conservation 
Programs in New Vorii State. AlbdLuy: Depmment, of Public Serwice " 

This report outlines the important features of New York State's energy mar^gement program. The program ' 
concentrates on actions of the State Public Service Commission in regulating e<^tric and gas utilities,. 

. • - t \ ' r /^ . ■ 

21. Seidel, Marquis R.; Plotkin, Steven E,; and Reck, RobertO. Energy Conservation Strategies, Washington, D.C.: 
^ ■ U.S. Environmental Protection Agency, 1973. . ' 

This report examines various strategies for reducing national energy demand, evaluating the potential. savings 
and costs of each alternative. The study examines what economists call the ''market failure" which has caused , 
the present "energy-crisis** and discusses the kinds of govdVnment action that could rectify the failures and the 
likely response of the economy tomoderate price increases. 

22. ;Socolow, Robert H., and Harrje, David. E/iergy Conservation in Housing. Princeton, N.J.f Center for Environ- 

mental Studies, 1974. . .n' *^ . 

This study is sponsbred by the National Science ftTundation's Research Applied to National Needs program. . 
Using a planned-unit development in Easf Windsow, New Jersey, as a case history, this on-going investigation 
analyzes the compPex structure of the development process which produces large- tracts of residential units. It 
. - identifies critical points in the process for effectively initiating energy jecomfriehdations based on the conserva: 
tion.pblicies. Invesli^^ionj^ll into three categorfes:' educational, financial, and regulatory. Home buyer's as 
Q well a§ designers need more inWmatjon abou t energy, performance. 
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.23. State of New York. Report' of Ad Hoc Committee on Energy Efficiency in Large Buildings to the interdepart- 
mental Committed of the State of New York, Albany : State of New York, 1 973. 

This report offers an analysis of the. overall energy requirements for large buildings and large multi-family 
residential complexes. Guideline recommendations are also presented in the areas of design, construction, and 
maintenance and operation. " .. . — 

24. Stein, Richard G., and. Stein, Carl. Research, Design, Construction, and Evaluation of a Low Energy Utilization 
5c/7oo/. New York: l^ew YorlfGty-Board of Education, 1974. 

: Prepared for the Research Applied to National Needs program of the National Science Foundation. Reports 
findings of a study of energy use in New York City schools. Key observations were: (1 ) Substantiahvariations in 
lighting. levels are not noticed by students and do not affect educational achievement. (2) A one-third reduction 
in ventilation levels would not adversely affect air quality. (3) Sealed, minihium-window school buildings, 
^consume up to three times more energy than do buildings with open-window air supply. (4) S6lar energy can 
contribute to energy conservation in schools. With recommended new standards, schools can be designed to 
operate at energyruse levels 25 to 50 Rercentbeltfw current levels, the study concludes. i . 

25. Tansil, John. Residential Consumption of Electricity. Odk Ridge: Oak Ridge'National Laboratory, 1973. 

This study supported by the Research Applied to-National Needs program of the National Science Foundation 
documents, the growth in residential electricity use between 1950 and 1970 and assesses the reasons for this 
" : growth. It evaluates a. number of measures for Improving the efficiency of electrical'use ,in homes* such as 
shifting from electrical resistance h^afing to heat pumps in planned hordes. Many of the suggestions aVe^ 
implementable thrpugh local legislation! ' . ' ' 

'■ • ' < . . ■ " " 

26. U.S. Council oh Environmental Quality. Energy and the Enviropment. Washington, D.C::. The Council, T973. ' 

After presenting, ah introductory. discussion, of energy supply ^systems and the trend in the nation's demand tor 
energy, this report examines the. environmentar impact of various means for generating electricity. One section 
deals with^ the effect of energy conservation and Improved^fflcfency on environmental damages. 

27. : U.«S. Environmental Protection Agency. A Report on. Automobile Fuel Economy. Washington, D.C: the 
-Agency, 1 973. : , . ' « ' ' 

Documents the conclusion of EPA-sponsored research into the factors' affecting vehicle fuel economy? It should 
be useful for localgovernments in setting specifications for purfcha&ing hew vehiciies. ' ' . \. 

' ' ■ . . . V, ; ■ ■ -^'^ . ■ ^'y^ ■ : ; : ■. ' ,>;■ ; « 

28. U.S. Offic^ of Emergency Preparedness. 77?^ Poteiitidl for Enlergy Icdnservdtion^ W^ishlt^ton, D.t.: Executive 
Office of the President, 19.72. \ ■ 

This staff report presents quantitative rheasu res .of energy consumption by end. use and offers a program of 
energy. conservation measures along with estFmates of thcimpact o( the^e ineasures on national energy consump- 
tion. The stady concludes that the'most significant conservation measures are: (1) the^ installation of improved 
insulation in both new and old homes, (2)^e use of more efficient air conditioners, and (3) a shift of intercity 
freight from trucks toVail and urban passengers from automobile to mass transit. 

29. Villecco, Marguerite, .ed. £r7er^y Conservation in Building Des/^/?." Washington^ D.C: American Institute of 
Architects Research Corporation, 1974. , 

This report discusses some of the ways ar'chltects can save ener^ in their building designs. It is easily under- 
stood, by the layman as well. In addition to providing useful guidance in each aspect of building design, the 
report includes a discussion of alternative power sources, wind, an^ solar energy, which may be used for! 
buildings. 

30. .Wildhorn, Sorrel-, et al. How to Save Gasoline: Public Policy Alternatives for the Automobile. Santa Nfonica, 
' Calif.: The Rand Corporation, 1974. 

Study funded by the National Science Foundation. Develops analytical tools to evaluate the effects on private 
transportation, of national energy coHse^vation measures and applies these tSols to evaluate alternative policies. 
The study conciudfes that: (l) -Aside frdfc limitations on gasoline supply, the only, way to achleve.:Significant 
gasoline, savings in the near term is to increase the price. In the I oncer t6rm, im'provenrients in fuel economy offer 
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greater potential for energy conservation than, do .gasoline taxes. (2) Higher taxes on new-car sales prices offer 
little promise fpr gasoline Xonservatioa (3) A combination of improved fuel economy and low new-car prices 
^ will best achieve the long-term effect of reduced gasoline consumption. 
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